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ABSTRACT

The sources, distribution, and losses of PCBs in the U.S. pulp and paper
industry are discussed in detail. The major source of PCBs to the industry is
recycled carbonless copy paper manufactured from 1957 to 1971, but the amounts
of PCBs from this source diminished rapidly after 1971. A model showing past
and projected PCBs content in product and wastewaters from the industry is pre-
sented and discussed. Estimated costs (worst-case basis) for wastewater treat-
ment to achieve one ppb PCBs in effluents from the industry are developed;
results indicate a 3 to 5 percent product cost increase will result from such
treatment.

i.



.o

-' The', authors wish to express their appreciation to the many .industry -
representatives who provided extensive information and guidance, to Mr. Tom
Rspp, the Project Officer for EPA OTS for overall guidance, to Mr. Fred Smith
of EPA OSWMP for assistance in the recycling field, and to Mrs. Nancy Downie
and Mrs. Lillette Steeves for their preparation of the report.

O

o
ii.



OF .CONTENTS

Page
1.0 EXECUTIVE SIMffiRY. ................ .......... 1

1.1 tT'ig£>*n""?<"?ai Background ..................... 1
1.2 Carbonless Copy Paper ......... ..... . . ..... 2
1.3 PCBs in Paper Mill Effluents ........ ' .......... 3
1.4 Purpose and Objective of the Reported Work ........... 4
1.5 Major Results of the Study ................... 4

2.0 uwrrv.gg TECHNOLOGY OF *rc*E PULP AND PAPER BdUSTRY .... ...... 7

2.1 Background .................. ......... 7
2.2 General Pulping Techniques ....... ............ 7

2.2.1 Mechanical Pulping .......... . ........ 8
2.2.2 Chemical Pulping .................... 9
2.2.3 Semichemical Pulping ........... ....... 12
2.2.4 Secondary Fiber Pulping ........... ...... 13
2.2.5 Dissolving and Special Pulps .............. 13

2.3 EPA Classification of Mills by Pulping Method ........ . 14
2.4 Papermaking Processes ...... ............... 17

2.4.1 Background ....................... 17
2.4.2 Fourdrinier Paper Machine Process . ........... 18
2.4.3 Cylinder Paper Machine Process ........... . . 19

2.5 Paper Industry: Size and Distribution ............. 21

2.5.1 Water Usage ....................... 21
2.5.2 Production History ................... 22

3.0 TRANSPORT OF PCBs IN THE PAPER INDUSTRY ............... 24

3.1 PCB Sources to the Industry .................. 24

3.1.1 Influent Waters ................. .... 24
3.1.2 Process Chemicals .................... 25
3.1.3 Inks .......................... 25
3.1.4 Recycled Waste Paper .................. 27
3.1.5 Other Potential Uses or Sources of PCBs in Paper Mills . 27

3.2 PCB Content of In-Plant Streams and Reservoirs ......... 27
3.2.1 PCBs in Deinking and Pulping Process Water ....... 29
3.2.2 Distribution of PCBs in the Papermaking Process ..... 29
3.2.3 Fate of PCB-Containing Microspheres . . ...... ... 31

3.3 PCB Losses from the Pulp and Paper Industry .......... 32
3.3.1 Wastewater ....................... 32
3.3:2 Vaporization Losses ................... 34

iii.



TABLE OF CONTENTS (Can't)

PageQ

3.3.2.1 Losses During Papermaking -.34 —
3.3.2.2 losses from Effluent Treatment Ponds -.34-

3.3.3 Incineration Losses „ :.- ̂  35-
. 3.3.3.1 Bark Burning 35

3.3.3.2 Sludge, Spent Liquor and Carbon Burning 35
3.3.4 Solid Process Waste losses 36
3.3.5 PCB Concentration in Finished Product -. . 37-

3.4 Monitoring Technology *... ̂  ̂  ..... 37

4;0* COST DEVELOPMENT OF PCB REMOVAL FROM PAPER RECYCLING MILL EFFLUENT
STREAMS 39

4.1 Background 39
4.2 Plant PCB Wastewater Treatment 42
4.3 Cost References and Rationale 46
4.4 Cost Development 47

5.0 MODEL OF PCBs INVOLVEMENT IN THE PULP AND PAPER INDUSTRY 55

5.1 Purpose and Objectives of Model Development 55
5.2 First Order Model of Paper Industry 56

5.2.1 Assumptions -. 56
5.2.2 Model Structure 58

5.3 Second Order Model of Paper Industry 68
t

5.3.1 Industry Categorization for Second Order Model 68
5.3.2 Equations . . . 72
5.3.3 Quantitation and Exercise of the 2nd Order Model 74

5.4 Discussion of Model Results 80

6.0 CONCLUSIONS 82

APPENDIX I - INDUSTRY IOTEWIEW5 AND PLANT TRIPS

O
iv.



LIST OF TABLES

Table No. Page

2-1 . EPA Mill Classification 14

2-2 Water Usage in Paper and Allied Products Industries 21

2-3 Product Output and Recycle Rate 23

3—1 Jteprgsgnfĉ H.v* Chemicals Used in Pulp & Papermaking ........26

3-2 PCB Content of Paper and Paperboard 28

4-1 Summary of Distribution and Production of the Paper
Recycling Industry 40

4-2 Effluent Characteristics of the Paper Recycling Plants 41

4-3 Cost Analysis for a Representative Plant 48

4-4 Cost Analysis for a Representative Plant 49

4-5 Cost Analysis for a Representative Plant 50

4-6 Summary of Estimated Carbon Adsorption Treatment Cost at
Different Input PCB Levels 52

4-7 Summary of Capital Investment of PCB Removal from Paper
Recycling Industry 53

4-8 Summary of Costs of PCBs Removal from Paper Recycling Industry . . 54

5-1 PCB Used in Carbonless Copy Paper 62

5-2 PCB Concentration in Product (ppm) 67

5-3 Annual Production for Industry Segments (10s tons) ........ 71



TjTfiT OF FIGURES I

Figure No. -_': -.- . Page (^J)

2—1 fjgn*»Tai -i ff>A Schematic of Paper Production Process » • « . * * • < . 20.

3-1 Major Fiber and Water Routes in Paper Production . . . . . . . . . 30-

4-1 Pretreatnent System Costs - 43

4-2 rarhnr* Absorption Wastewater Treatment System Costs .. -. 44

4-3 Flow Diagram of Treatment System for Removal of PCB From
. . . 45

5-1 Schematic of First Order Model of Paper Industry 60

5-2 First Order Model with Differing Recovery Rate for Recycled Paper 65

5-3 Affect of Recycling Paper Other Than NCR Carbonless Paper on
Content of First Order Model Production 66

5-4 Schematic of Second Order Model 69

5-5 First Exercise of Second Order Model 78

5-6 Second Exercise by Second Order Model . . . 79

o
vi.



APPENDIX I

INThlKVIEWS AND PLANT TRIPS

1-1.0 OBJECTIVES OF INDUSTRY INTERVIEWS AND DISCUSSIONS
^

From previous efforts under Task I of Contract 68-01-3259, it was
apparent that the data available concerning PCBs in the paper industry were
sparse at best, and that extensive efforts would be required to gather suffi-
cient information for the model development and interpretation. The gathering
of such information was the major objective of all industry contacts during
this work; early in the program industry was made aware of the purpose of and
our approach to the work. Subsequent response and cooperation by the industry
were uniformly excellent.

Specific areas covered during the interviews and discussions included:

1) The level of awareness of the PCB problem within the industry;

2) Analytical data (on PCB levels in products and effluents) which
might be available or which might be obtained and made available

»

at a later date;

3) The prasjblii-Heq and practical it tea which bear on treatment of
mill effluents, or on internal water reuse and purification
systems;

4) Present trends in treatment technology as the mills prepare for
adherence to the 1977 and 1983 effluent quality criteria;

5) 7ne standard practices of sampling and analysis which generate
the data base of PCB levels in the plants;

6) The similarities and differences found between production mills
operating under current bounds of raw material, energy, labor
and treatment costs; and '

7) PCBs transport within the plants.
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1-2.0 MEETINGS WITH TRADE ASSOCIATIONS ;-: . 7771 ~ - .— :

1-2.1 Meeting with API .-: . ^-^

- ' - '• In mid-Oily, 1916, a meeting was held in Washington, D. C, with
representatives of the American Paper Institute (APIK the Boxboard Research
and Development Association (BRDA) , the National Council of the Paper Industry
for Air and Stream Improvement (NCASI) , senior staff members from several API
mpmhpr companies, and the EPA Offine of Solid Waste Management Programs
- (OSVWP) .-" The approach to the piujxaui, and particularly the PCBs-industry
model, wad r*it-11nprt and discusser! in detail. Cooperation and noodod informa-
tion were solicited, and plans for the provision of available or anticipated
data were made. All areas noted under Section 1-1.0 were covered.

1-2.2 Meeting with Institute of Paper Chemistry (IPC>

On August 6, 1976 a meeting was held with staff members of the
IPC in Appleton, Wisconsin. John C. Wbllwage, Vice President-Research; Dr.
H. S. Dugal, Director, Industrial and Environmental Systems Division; Dwight
B. Easty, Group Leader, Analytical Chemistry, Division of Natural Materials
and Systems} Mr. George Dubey; and Mr. Peter Parker (all of IPC) took part in
the <3"i qr^igai ona ,

At that +•}"** the IPC was performing an in-house study aimed at
development of an improved procedure for PCB analysis in pulp and paper mill
matrices. They had attacked the question of PCB partitioning in mill flows and
found PCBs to be substantive to fiber, associating most notably with the small
particulars constituents (fines) of the pulp/water system. White water high
in f-irw? center4- is routinely recycled, in order that as much of the fiber as

e eventually become products sin*?* fines have a desirable effect on the
qualities of opacity and surface S'T *jLl'gv*s-<9. ETffvro'' ̂1 »««* of the raw fiber
requires a nrfp<prf »*««••< m of the ****** loss. Such a procedure appears to pre-
ferentially associate the major portion of any PCBs with tihe paper product.

It was jflgQ agreed that the PCB concentration in the waste sludge
might reasonably be assumed to be at the sane concentration as in the product.

O
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In other words, if the PCB levels in paper product is in the low parts per
minim range, PCB levels in the sludge will aico be in this range. The

limited sludge <3̂ 4 *̂ obtained supports this contention, and at the same time
shows paper mill sludges to be comparable to municipal treatment plant sludges
in PCB content (ranging up to 23 ppm) ̂ 4 .̂

The majority of PCBs introduced to papermaking as part of the
wastepaper input were believed by the IPC personnel to be still enclosed in
the gelatin—gum arabic miffynhai"] 017"*? i The mlrm"̂ ! irriff (10 — 20 microns in

diameter) are known to be substantive to fiber. They release their PCB load
for analysis upon treatment with alcoholic KOH solution. It was not known
what fraction of the incoming capsules may break open, nor whether the pulping
and refining steps may cause breakage, but it was suspected that relatively
few of the ndcroballoons would rupture during the papermaking process.

In addition, it was decided that PCBs in intact capsules would
not participate in evaporation as "free" or "wild" PCBs may be able to do.

Mass balances done by IPC on some paper mills have given an indication of a
possibility of evaporative losses, but not in large amounts, nor in amounts
which would jeopardize the overall conclusions or credibility of the model
presented in Section 5.0 of this report.

During the analytical methodology work by IPC, small amounts of

PCB used to spike solutions showed significant evaporative losses. This has
resulted in a strong r*?<'»'vp'gn̂ g+'-iQn for the ""fiTi-i *a-Hnn of sanple transfers

and handling in analysis for PCBs.

Present analytical capabilities at IPC show detection limits for
paper to be 0.1 ppm PCB and for solutions to be 0.1 ppb PCB. Both ™n for a

trained operator conversant with and practiced in routine PCB analysis.

Interferences on the ohromatogram. appear to be removed in good
part by oxidation of the sample with chromium trioxide. These interferences
seemed to be peculiar to the types of matrices found in pulp and paper proc-
esses. Attempts to simplify PCB analysis by perchlorination of all PCBs to
decachlorobiphenyl were found to give unsuitable results. This treatment
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appeared to have converted some non-PCB components of carbonless copy paper
into a form which mild be incorrectly î n̂tifi0^ as.PCBs.

_ : — - other aspects of the problem and of the IPC program were dis-
cussed in- detail. Many of these are discussed or referenced elsewhere in this
report/ ~ The results of this meeting served to solidify the approach to the
model and the selection of parametric values to be used in exercising the model.

1-3.0 PLANT VISITS . -

• Seven paper mills were visited during the pcogjaa; four of these .
utilized between 50 and 100 percent recycled ma+wHai. The others either were

fl known to be very much aware of the PCBs problem and using some
recycled fiber or mm a. using only virgin fiber. Short gi.Tmiari.eg of the trip
reports for these plants are inclnrted below. As will be noted, some plants are
not named in these summaries.

1-3.1 Plant A - 100 Percent Recycled Raw Ma+^Hai

General Description
• ' -Plant A employs approximately 300 people and has a Fourdrinier,

two cylinder machines and a Printer Tinter. The raw material used is waste-
paper which has been sorted, graded, baled and marked by organized paper stock
dealers throughout the Midwest. The most important grades used are reclaimed
corrugated containers, mixed paper, newspaper and clippings trinmed from box
shops and converting plants. Much of the stock is picked up in large cities
by oompany trucks as return ToaAc> after delivery of the f-in<ah<ad board. This
re-use of secondary fibre eliminates a large amount of paper tonnage being
sent to i andf ji i or incinerated. In 1971 85,000 tons of wastepaper were re-
claimed through this plant. ._ _

The bagix? product manufactured from the wastepaper is paperboard.
This product is used for core stock, tube stock, wrapper, carton, paper box,
book bindings, and globe stock.

O
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Pulping, Cleaning and Refining

The first step in converting paper stock to pulp is called
hydration; machines called hydropulpers are used. These are large tubs with a

rotating disc in which the dry paper is mixed with warm or hot water. Chemicals

may be added to aid in the dissolving process and to destroy any bacteria which
may be present. Most of these machines operate on a continuous process. As
soon as the fibers are dissolved fine enough to be extracted through 1/8" holes
they are screened off.

The various cleaning and refining processes which follow pulping
are typically a spin-off to remove light particles of foreign ma<-i>riai , and

settling to remove heavy dirt. In addition, there are several systems of
mechanical screening to remove coarse or undefibered bundles and dirt. Not the
least important is a treatment of high pressure - high temperature steam fol-
lowed by a refining process for the purpose of breaking down foreign materials

like pitch, wax, or asphalt which may be found in the wastepaper.

After the paper stock is cleaned and defibered, it is stored as a

liquid suspension in large chests. Before going to the paper machine the stock
is again, refined or "brushed out" in machines called Jordans or Refiners, mixed

to an exacting consistency with water and screened one last time.

Plant A employs both Fourdriner and cylinder-type paper machines.

The latter employ -cylinders covered with fine mesh wire to extract pulp from
the slurry stock onto the surface. The mate.rial is then deposited in thin
layers (one from each cylinder) to form the wet web. After all the cylinders
have deposited their contribution of fibers, the wet web of paper is pressed
to remove excessive water. Each pa-ir of press rolls gradually increases the
pressure until the wet web is dry enough and strong enough to support its own

weight when it leaves the press section.

The Fourdrinier machine employs a long wire belt for formation
of the wet web. Paper stock is fed onto the moving wire through a sluice from
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a headbox, and, in contrast with a cylinder machine, the web is "gy?*» up as a
contiguous-single layer. Over a relatively short ** g*-*noe> enough water drains
through the wire by gravity and by passing over suction boxes that the mat can
leave the wire and pass onto a felt where pressing begins. ,

... . All machines employ a long section of many steam heated cylindri-
cal dryers. As the sheet leaves the wet end after all possible moisture has
been removed by mechanical pressing, £hg remaining excess moisture must be

d by evaporation. The sheet of paper passes over all of these dryers
which eventually produces a dry sheet to customer

— - The last step in the actual paper manufacturing is calendering
or pressing for tie purpose of obtaining a uniform finish and thickness. Also
at this station it is rngqibl'a to apply surface sizing or other forms of coat-
ing or stain.

After passing through the calenders the paper is wound onto
reels to be rewound and trimmed to meet gjaa orders. If the customer wants his
paper in flat sheets, it is run directly from the paper machine through a
sheeter. In either case, when the paper is fin-iah«rf it is banded, wrapped, .̂
labeled, and weighed. C_J

A substantial amount of the total production of Plant A is sent
to a converting plant for further processing. Most of rh-ia processing consists
of slitting wide rolls into narrow widths to be used for winding into cores
and tubes. This plant also performs cutting from, rolls into sheets, precision
trimming of sheets, and laminating.

1-3.2 Plant B - 90 Percent Recycled Raw Material

General Description

' '- : This plant is a major ma™ rfa ̂H Tp?r of +"j SEPT̂  items, producing
800 tons of facial tissue, toilet paper, napkins and paper towels per day.
Approximately 90 percent of the raw material required is supplied by waste
paper, which is a slightly higher percentage than most other tissue mills.

O
1-6



Plant personnel supplied a iepm.L on PCBs generated by them in

1975. The concern for effluent water quality dates back to the establishment
of a primary treatment system in conjunction with the start-up of a linking

process in the 1930's. The secondary treatment system was put into operation
several years ago, prior to the regulations governing suspended solids. A

tertiary process is in the development stage at the present time. PCB measure-
ments were begun in-house during 1975. Data on PCBs content of products prior
to 1975 have been obtained and are reported elsewhere.

Characterization of Raw Material

Although most of the raw material for this plant is wastepaper,
less than 50 percent of this is classed as post-consumer waste; in other words,
most of the returning paper stock has never been previously recycled. Office
wastepapers of the ledger graces are removed from the incoming stock, but a
quantitative screening of all returning paper stock is impossible from an
economic standpoint. As shown by industry data and the modeling effort in this

report, even a few sheets of the carbonless copy paper can have an observable

affect on PCB concentrations in a single day's output.

Office wastes in general do not make a desirable paper stock,

since many office paper products contain binders, colorants or other minerals
that are difficult to remove and cause problems in the papermaking process.
These wastes are purchased by the mill primarily to assist their paper dealers.

•-̂

They do become more important during periods of short paper stock supply.

Effluent PCB Levels

PCB concentrations in clarified mill intake water were less than
0.1 ppb. Measurements of deinking, mill and combined effluents were reported

to range from 0.3 to 2.7 ppb.

In-Plant Vaporization Estimate

The plant has performed a water n"***8 balance on its paper
machines. An average of 570 gal. per ton of product was lost. Assuming the
production of 800 tons per day and a water concentration of PCBs (excluding
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PCBs bound to fines and assimeri not to evaporate) of 0.1 ppb, evaporative- losses
would" be 0.00038 pounds of PCS per day or less than 0.15 Ibs/year. This is s~*\
probably an undetectable loss if direct oeasurement was attempted. _ ~-^

1-3.3 Plant C - 80 Percent Recycled Raw Material ___ _

Pulp Generation __

Pulping is a batch process at this plant. Wastepaper, accounting
for about 80 percent of the raw material, is added to pulpers #3 and #4 to-
gether with hot water and caustic soda. Steam jets raise the temperature to
about- 185°F and deinking continues for about 1.5 hours. After deinking, the
stock from both pulpers are dumped together yielding a stock slurry of about
7 percent consistency. From here the stock is passed through a one inch bar
screen that removes large contaminants such as string and rags. The pulp is
now pumped to a holding chest.

- Manually operated valves determine the quantity of stock dis-
charged from the holding chests through two 1/8-inch screens. The accepts here
have a concentration of about 4.5 percent, and rejects from the screens are
trucked to a landfill. Accepts are stored in another holding tank. /""*%

Upon leaving this tank, the stock is diluted to about 0.7 per-
cent «o7î ? and run through. '?an|.f'Lf*iĝ l cleaning to remove fine contaminants.
Accepted stock is now directed to a screen with 0.010 inch slots. Accepted
stock from this screen pumped to two slope washers that have counter-stock flow
of water. These washers are arranged in series with the second one increasing
the stock consistency (arVi -i Aa concentrat.ion) to about 5 percent.

At <*»•*« point the stock is p,mpad to two washers set up in
The washed stock, with a consistency of about 2 percent solids, is

pumped to a storage tank until the chlorination tank is ready for a new batch.
Water for the washers onmes from the slope washers.

During chlorination, chlorine gas is pumped into a tank holding
the stock and allowed approximately five minutes retention to react. The stock
batch is then pumped towards a vacuum washer. However, before it is washed,
sodium hydroxide is df&oA which reacts with any residual chlorine to form
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sodium hypochlorite to augment the bleaching process; the final pH is 9. The

bleached stock is sent to retention tanks.

The stock pulp is sent to a vacuum washer to remove mat-aria T«
made soluble by chlorination. This wash water originates from the paper machine

water supply, the white water. The filtrate from the washing process is pumped

to the slope washers which conditions the new batch for chlorination by reclaim-

ing the chemicals and also reduces the amount of water used. The stock pulp
now has a consistency of about 5.5 percent. Upon leaving the washers, the
stock pulp is pumped to high density storage tanks to await the papermaking
operation.

This mill also has a separate pulping system for virgin pulp and

pulp substitute. However, both virgin and substitute pulp are blended with
the wastepaper stock pulp. Here, chemicals are added to develop better fiber
bonding strength.

JH ng

From the storage tanks the stock pulp is diluted to about a 0.3
percent consistency and pumped to the headbox. Prior to entering the headbox,
the pulp is rewashed, rescreened and run through a three stage centrifugal
cleaning system. Much of the water used in papermaking is recycled. Excess

white water is stored to be utilized in various operations in the mill.

The sheet is pilled through on a felt belt and dried. The speed
that it is pulled through regulates the strength of the product. Thickness is
governed by this speed and by slicing the sheet off the belt with a doctor

blade. Several plies are then rolled together to produce a paper of desired

specifications .

Water Source and Effluent Treatment

Plant C uses municipal water which is believed to be relatively

low in PCBs. The intake volume is about 1.5 million gallons per day.

The discharges from Plant C enter a wet well from which the
wastewater is screened and sent to a company-operated treatment plant.
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Treatment consists of primary clarification and a two-stage activated sludge
system. -The treatment plant effluent is discharged to the Fox River (mid-
stream).

1-3.4 Plant D - 50 Percent Recycled Raw

Plant D is a major recycling operation. Six grades of wastepaper
(e.g., office and fcodboard) are tie major constituents of the. raw materials

o produce aAy?**p̂ a^ ** deinked pilp stock. This accounts for approxi-
mately 50 percent of the required pulp with the remaining being composed of
purchased virgin pulp and pulp substitute. There are essentially two pulping
systems - one for wastepaper and deinking and the other for the virgin and
substitute pulp.

Pulping and Fiber Recovery

Here, wastepaper is mechanically broken down with hot water
(about 190°F) , caustic soda, surfactants and deinking chemicals by means of a
ribbed rotor at the bottom of the hydrapulper. Much of the heavy waste such
as metallic objects and plastic sheets are collected in traps at the bottom ofJ *
the pulper. At this point, the pulp stock has about a 6 percent consistency
(consistency being the percent snlids to liquid) .

The deinked pulp leaves the hydrapulper through perforated plates
and is pumped to blending chests for ad̂ *"*'0"31 retention time and agitation.
The pulp now has about a 2.5 percent consistency. Upon leaving the chests, the
pi lp is passed over a fil*r that recovers the cooking lj.qi.vir in the filtrate.
The filtrate is reused in the pulper to recover the heat and residual chemicals.
Excess washer water is reused for other operation dilutions. Water is exten-
sibly recycled in the deinking operation.

The p"ip is now sent to centrifflers, which are centrifugal
cleaning devices for removal of pins, staples, and other heavy particles. The
accepted p-^p has a 2 percent consistency and it is sent to a centrisorter
pressure screen. Accepted stock from the pressure screen goes on to washing
while rejects are passê  through a def laker and then across a screen for

further **•*>**'- recovery.

1-10
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The pulp then enters a four-stage counter-flow washing system.

The first stage consists of 2 cylinder washers, the second and third stages

consist of sidehill washers, and the fourth is another cylinder washer. The

cleanest water is used for dilution at the fourth stage and the filtrate is
fed to the preceeding (third) stage. This filtrate is then used in the second

stage and its filtrate in the first stage, where the filtrate is discharged to

waste treatment. The water in the washing process originates from the dis-
charge of the paper machine water, white water, and the add and alkaline
bleaching water.

Following washing, the stock is bleached with chlorine, followed

by treatment with caustic and then hypochlorite. The next treatment is a

three-stage pressure screen system. Accepted stock pulp from the first stage

pressure screen then goes to a five-stage centrifugal cleaner system for
removal of small heavy contaminants such as ink. Those fibers rejected are
replaced in the oentrifugation scheme to concentrate the contaminants and
unacceptable pulp, and to reclaim as much of the shunted acceptable pulp as

possible. Following this is a four-stage system of centrifugal reverse
cleaners for removal of lightweight contaminants such as plastic fibers and
adhesives. After the cleaning system the stock gees to the final washer for
thickening and storage in high-density towers. The water removed by the
thickening process is reused in other washings and in the bleaohery.

The above description for secondary pulp supplies 50 percent of
the material s required to meet the current demand of Plant D. The remainder is

caî osed. of purchased virgin pulp and pulp substitute. Both are warehoused in

solid form and repulped in their respective hydrapulper, using recycled paper
machine white water. This pulp is then pumped to storage chests until needed.

From here, the pulp is sent to refiners for fiber shortening and fihrillatim
to enhance greater bonding capacity.

From tie refiners the pulp is discharged into a pipeline that

contains the secondary pulp for blending of the types. After sufficient time
to ensure homogeneity, conponents such as clay, titanium dioxide and alum, to
name a few, are added to the stock pulp as it moves to the paper machine.
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Parermaking . __ ^.

. - _ . Stock taken from the high density storage tanks is diluted and,- . . .
pumped to the papermaking 'system. Here the stock volume is controlled to .
insure a constant head level. By operating under a known head, the texture .of
the pulp sheet falling on the Fourdrinier remains the same throughout the
operation. . ...

The endless mesh belt of the Fourdrinier effectively drains -
enough water from the pulp slurry to permit the fibers -to make a sheet called
the wet web. Much water is recycled during paparmaking operations. Since
rnia water, is falling from the bleached product, tiie pOp imparts a white color
on the water and hence is called white water. Because water is continually
being added here, there is an excess overflow. This surplus water is stored
and used to supplement the water diluting the deinked stock. Several hundred
thousand gallons of water escape each day due to evaporation while the paper
is being pressed and dried. When the pulp leaves the headbox, it is 99 per-
cent water; after passing through the presses, it is about 60 percent water,
and after the driers, only about 5 percent moisture remains. This is the per-
cent moisture of the rolled product.

Intake Water and Wastewater Treatment

Sines the product color and ixjiitjoqi't"i/'>n is highly important, the
water used throughout the operations necessarily should not contain any sus-
pended contaminants that are able to be removed. Therefore, ++iiq mill has a
treatment facility for intake water, utilizing flocculation with alum and lime,
addition.of alg?ri«V», and filtration. The filter is composed of the following:
top layer - 8 inches of coal; middle layer - 2 feet of sand; bottom layer - 2
feet of crushed stone.

Currently, +•"•»« mill only has primary treatment, a clarifier.
The present, system has about 90 percent SS removal but only about 25-30 percent
ran reduction. The effluent fi'TH this <?l*g"tf"'*r is being discharged to the
Fox River. The average flow for 1975 was 3.9 MGD. This volume can be broken
down as follows:

O
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2.5 MGD from deinking

.9 MGD from papermaking

.3 MGD from water plant

.2 MGD disposal plant and misc.

Under construction now at Plant D is a 2-stage activated sludge

system. Preliminary investigations on this type of treatment facility for pulp
and paper wastewater discharges indicates that this system is very effective
at further reducing the SS levels and greatly reducing effluent BOD.

sludge contains 10 percent solĵ g and is further con-

solidated in compaction tanks to a 12 percent solids level. The sludge is

furthered dewatered to 28 percent solids by lime addition and subsequent
vacuum filtering. The filtrate is returned to the primary clarifier and the

dewatered sludge is trucked to their private landfill.

Landfill Operations

The company has opened a new landfill which covers about 18 acres.

Preliminary geologic investigations revealed a solid bedrock foundation. The
area is encompassed by a man-made compacted clay dike, effectively eliminating

any surface runoff from the landfill.

Concern for groundwater contamination resulted in the construction

of monitoring wells. There appears to be two layers of groundwater separated
by a clay table. When completely filled, the landfill will be slightly dome

shaped with a 2 degree slope.

1-3.5 Plant E - Igss Than 50 Percent Recycled Raw Material

General Description

Plant E is basically self-contained , i.e. , it produces in-house
nearly 50 percent of their fiber requirement by cnemi-mechanical treatment on
hardwoods. The remaining 50 percent is composed of purchased bleached kraft

pulp from Canada and other U. S. sites and such items as foodboard, cups, and
IBM cards. No carbonless paper is utilized. Production is between 300 and 400
tons per day.
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Product PCB levels from Plant E have consistently remained below
5 ppm. proscribed by FDA. Effluent levels of PCBs are also apparently lower
than most of *jy* industry using reclaimed fiber, probably >wangg of efficient
removal of suspended solids in the waste treatment systems.

Pulping

- • Plant E uses f̂ \gmĵ np<̂ vani<̂ a\ pulping, virgin pulp from purchased
bleached kraft-pulp, and secondary pulp from wastepaper. Each operation occurs
in a specific pulper and the stock is blended later according .to product speci-
fications. The virgin pulp slurry is generated by only adding hot water while
the secondary pulp requires hot water plus caustic soda plus hypochlorite bleach
ing powder. Both virgin and secondary stock pilp are not stored but directly
mixed, with the chemi-mecnanical pulp a U.earn. Plant E is a continuous operation,
and all grades of pulp are being used simultaneously but only that from the
chemi-mechanical system is allowed a detention.

HI ending of pulp grades occurs in machine chests, each having a
different percentage of the grades depending on the eventual product. It is
just prior to these chests that other additives such as clay and other fillers
are added to provide the required paper characteristics.

Each pulp stream is passed through similar machines, with all
machines having an additional coating step. The stock pulp enters the Fourdriner
to produce the wet web, approximately 19 percent of the water content is voided
here (in other words the web's consistency increases from 0.5 to about 20 per-
cent) .- The wet web is then drawn through a series of presses to further remove
the water. -The majority of the remaining moisture is removed by drawing the
sheet through a «er<-<aa of dryers. Final moisture is about four percent.

Following the drying operation, the sheet is passed through
rollers to smooth it and produce a uniform thickness. It is then rolled,
triiimed, cut and warehoused. Some cut rolls are sent directly to a specification
cutting section for high-demand dimension consumer products (a sizeable fraction
of the total production is used for telephone books).

1-14
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Waste Treatment

This plant utilizes two waste facilities; a fluidized bed incin-
eration for spent liquor in the pulp mill operation, and a wastewater treatment
plant for water used in the papermaking process plus excess wash water and
associated solids from the pulp mill.

The HTamj_»<nar!{iani rial pnip mi ii effluent with, a 6 percent sol i^q
content is sent to an evaporator where 'the solids content is increased to about
45 percent. The liquor, now a syrup, is placed in the incinerator operating at
approximately 1300°F, and the remaining moisture is flashed off allowing the
organics to be volatilized. At the bottom of the unit, air jets keep the ash
in motion (fluidized) . Therefore, pulp mill activity is a closed system with
no effluent, and the excess ash is trucked to a

Wastewater currently receives only primary treatment in two
• »

parallel clarifiers, but removal of approximately 96 - 98 percent of the sus-
pended solids is achieved with 40 - 50 percent BOD removal. A new secondary
treatment system will begin operations in the near future. Overflows from the
clarifiers will be combined and discharged to the secondary treatment reactor,
which is a closed, oxygenated, three-segment tank. Effluent from the reactor
is then sent to a settling tank and after a determined retention time the
supernatant liquid is discharged to the Fox Fiver. The new system is designed
to handle 6.5 mgd with a three hour retention. The mill has recently reduced
its water requirement from 8 mgd to 6.8 mgd in preparation for the secondary
system.

The sludge will be removed with some of it reused as seed in the
oxygenated reactor tank while most of it will be dewatered to about 22 percent
solids by a vacuum filter. This waste sludge is presently deposited on a land-
fill. There is no monitoring for groundwater contamination at this time.

Management is currently communicating with other mi 11 s that may
be able to use their sludge as it contains a high fiber concentration that can
be used for other paper products.
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1-3.6 Crown gftitorharfr Research Laboratory and farrea Mil
..

... . _ _ A meeting with Dr. Herman R. Amberg, Director of Environmental

Services for Crown Zellerbach and members of his staff was held on June 29 ,
1976, at t±te Central Research Division in Camas, Washington^ Crown Zellerbach
has a number of mill a which range from total use of virgin îb*"- to complete
dependence on secondary fiber. Since most chemical analyses are done at the
Central Research location, it was felt that the question of analytical
-accuracy- could be de caiitJ-iaai zed and relative differences_in PCB concentrations

- - CZ analytical detection limits for PCBs in paper were routinely
1 ppm and are apparently dropping under continued attention to details of the
analysis. Some data had been taken as far back as 1971. A number of important
points were <̂ j q<*̂ i«yyn' *

. •
1) No measurable PCBs had been found in virgin wood.

2) Exhaustive sampling and analysis had failed to identify
any PCB generation during the pulp bleaching stages.

3) Process chemicals were surveyed to identify any sources
of PCB and none were found.

4) Data would be made available through API.

A tour of the Camas Mm, which makes specialty papers, was taken.
This m*i\ used virgin pulp, a small amount of purchased pulp, sawdust and wood
chips from surrounding aaum-ma as its raw material . Inputs of PCB were there-
fore limited to that occurring in the intake water.

1-3.7 Weyerfaauser Company

On June 25, 1976, Dave Morris and Ted Ross of the Weyerhauser
Corporate Engineering Department, at Taorma, Washington met with a Versar rep-
resentative. Mr. Ross ha<* previously been involved with EPA contract work
which related to effluent guidelines for the p^p and paper industry and both
were following PCB-related matters.

O
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Weyerhauser's papermaking operations are based on a 100 percent
virgin fiber raw material. As a result, it was believed that this mill would
only encounter PCBs that were associated with the intake water, or as a result
of internal PCB uses in transformers or capacitors. Contingency spill plans
were set up in every mill; transformers containing PCBs were diked and
monitored for any signs of leakage.
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1.0 EXECUTIVE

1.1 Historical Background

In 1966, Soren Jensen reported the presence of PCBs (polychlorinated
biphenyls) in Swedish fish and wildlife as a result of a study begun in 1964.
The Food and Drug Administration began, in 1967, a program to develop analytical
techniques for PCBs. During this period concern about PCBs in food and in the
environment of the United States was increasing. In 1969, FDA alerted its
Districts to expect PCBs in food samples, and to analyze for PCBs in foods
sampled for pesticide analysis. Findings of PCBs in fish, milk, eggs, and
poultry samples occurred throughout 1969 and 1970.

In August, 1971, a significant level of PCBs was found in a grain and
cereal composite of a Market Basket sample by FDA in their Total Diet Studies,
and the contamination was traced to the greyboard packaging of a cereal. According
to FDA (supporting data for Press Briefing by Dr. C. C. Edwards, September 29, 197D ,
the highest PCBs level found in greyboard was 433 ppm. FDA met separately with
the American Paper Institute and with food inanufacturers in September, 1971 to
inform them of the PCBs problem in foodboard and to discuss approaches to its
solution.

By the end of September, 1971, all concerned parties appear to have
agreed that the major source of greyboard contamination was recycled carbonless
copy paper which was known to contain PCBs. Production of this material, had
ceased as of June 1, 1971, but recycling was continuing. In the same time frame,
Monsanto Industrial Chemicals Co., essentially the sole U.S. producer of PCBs,
announced cessation of sales for all but closed electrical systems (capacitors
and transformers) applications.

On July 6, 1973, the FDA issued its final rule-making document on
tolerance levels of PCBs in various foods and paper food-packaging mat-ariai (10
ppm for paper food-packaging). By this time the paper industry had succeeded in
reducing PCB levels in food-packaging materials made wholly or partially from
recycled fiber to well below the FDA tolerance limit-, This appears to have been
accomplished through more judicious selection of recycled fiber for f oodboard
manufacture, including:



'{I] rocea-t-iff̂  of use of cutting scrap from office form production. -̂̂

(inhere carbonless copy paper content could be very high} 7 and . —̂̂ .

C2) Limitation or selectivity in the use of office waste .for

- Levels of PCBs in foodboard have generally continued _to decline since
1973 to a current level of less than one ppm, except .for occasional "hot spots"
resulting in levels of up to five ppm. These "hot spots'! are generally attributed
-to the inclusion of significant quantities of outdated office files containing
carbonless copy paper. PCB levels in other paper products are also in the one
ppm or below range; those made from virgin pulp, of course, exhibit by far the
lowest PCB levels.

1.2 Carbonlesŝ Copy Paper

Aroclor 1242, a mixture of PCBs containing an average of 42 per cent
^t was pjirfru'M

8**̂  emu Monsanto and vised, in carbonless copy paper as an
ink carrier or solvent during the period 1957-1971. The total amount used for
this purpose was 44,162,000 pounds, approximately 28 per cent of the total
estimated Monsanto sales for plasticizer applications and 6.3 per cent of
Monsanto domestic sales of PCBs during 1957-1971. The average content of Aroclor
1242 in the carbonless copy paper was 3.4 per cent.

The National Cash. Register Company (NCR) was the developer and sole
marketer of the PCB-containing carbonless paper, although Appleton Coated Paper
Co., Appleton, Wisconsin; Mead Corp., Dayton, Ohio; Combined Paper Mills,

Locks, Wisconsin; and Nekoosa-Edwards Paper Co., Port Edwards, Wisconsin,
at one +pme or other performed the actual prodncti.on under license from NCR.

The Aroclor 1242 was used as a solvent for certain color reactants which
were encapsulated into mierosphares producing aggregates 10-20 microns in diameter
and applied to one side of the paper during the coating process. The walls of the
microspheres were an * "* ̂phŷ o-ha-ndo™** gelatin-gum arable formulation which ruptured
and released the dye under application of local high pressures as from pens or
pencils. In 1971 alkyl-biphenyls were used as the dye carrier in place of
Aroclor 1242.
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It should be noted here that PCBs, primarily Aroclor 1254, were used
to a limited extent in printing inks. The total usage in this application is
estimated at 50,000 pounds, primarily in the 1968-71 time frame. No other actual
or potential usage of PCBs in paper product or usage besides the copy paper and
these inks has been definitely identified to date.

1.3 PCBs in Paper Mill Effluents

It has been recognized for several years that effluents from paper mills
contain environmentally significant quantities of PCBs. The PCBs in these waste-
water streams are generally more similar to Aroclor 1242 than to any of the other
Aroclors or to PCBs found in the general environment and biota (which tend to
exhibit cnromatographic fingerprints corresponding to higher chlorine contents
than 1242). Thus, although introduction of PCBs into paper-making processes
through process water usage undoubtedly occurs (PCB levels at water intakes of
paper mills average about 0.1 ppb), the major source of process contamination by
PCBs appears to be carbonless copy paper contained in recycled wastepaper.

A number of paper mills, in response to the need for improvement of water
quality, have installed or are now installing waste treatment processes which are
expected to greatly reduce the PCB levels in their effluents. However, these
levels may still be typically above the one ppfa level proposed by EPA on July 23,'
19.76 as an effluent standard for capacitor and transformer manufacturers, and the
quantities of wastewater from paper miiig are generally much larger than from such
equipment manufacture. In addition, sludges or concentrates from paper mill
water treatment may be sufficiently high in PCBs as to warrant concern about pro-
per disposal. **

The magnitude of the PCB control problem is illustrated by the existence
of 230 paper mi 11 g producing pulp completely derived from recycled wastepaper and
550 other facilities utilizing some fraction of secondary fiber in their pulp
production (typically 10 to 15 per cent). Recycled wastepaper amounts to
about 13 million tons per year as a pulp source, third in importance to pulpwood
and forest product wastes.
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1.4 Purpose and Objective of the Reported Work

-.- The purpose of the work reported herein was to bring together all . s~\
relevant information and data concerning PCBs in the p̂ pr industry, and to —
interpret- these data with regard to present and future environmental significance.
Specifically; the report addresses the sources, transport and release of PCBs
throughout the paper industry; the historical perspective and projected future
impact of PCBs usage in carbonless copy paper; and a preliminary account of
technology and costs associated with abatement of PCBs in paper mill effluents.
The data obtained on intake and effluent PCB levels, on paper recycling statistics,
etc., from industry and other sources are also discussed.

There appears to be general agreement that the entry of PCBs into the
paper industry was completely unintentional, that the industry responded well to
the need for reduction of PCB levels in food packaging, and that waste treatment
systems for suspended solids removal (albeit installed for purposes other than
PCB control} will significantly reduce PCB discharges from the industry. Never-
theless, continuing and increasing concern by the public and by state and federal
agencies regarding environmental and human health effects of PCBs, including con-
tamination of food packaging materials as well as PCBs in wastewater, have repeated!;
focused attention on the paper industry, much to the fnnr**i~n of that industry.
The objective of this report is to present the actual situation, as accurately as
possible, in order to serve those who must make regulatory decisions potentially
affecting a valuable resources recovery industry.

The concern of the industry was reflected in their excellent cooperation
with the project. Cooperation and support from federal and state agency personnel
were also uniformly excellent. However, it should be noted that, in general,
there was a scarcity of data in several relevant areas, particularly historical
data prior to 1975; ***** was the major limitation to the accuracy and completeness
of the results obtained. Results of industry visits are presented in Appendix I.

1.5 Major Results of the Study

Since 1971, when NCR carbonless copy paper was no longer manufactured with
a PCB dye solvent, PCB concentrations in paper products, effluents and sludges



have shown a precipitous decline. 'The' former are now in the 0-1 ppm range for
most products tested. Effluents have dropped as the result of better suspended
solids removal in compliance with BPCTCA and approaching BATEA requirements.
Sludges seem to have approached the range of <1 to 24 ppm PCB camcui for municipal
treatment plants. The driving, force has been the reduction in NCR carbonless
forms being recycled, and the final disposal by incineration or landfilling of a
large annual fraction of the paper industry's output. The present 19% recycling
rate shows that 81% of the annual production is not available to be recycled and
carries its PCB load to the lan.̂ -Fm or the atmosphere (via incineration of wastes).

A search for evidence of "pulses" of PCB as old files are recycled failed
except on a one-mill/one-day basis. The 40 million pounds of PCB put into the
carbonless copy paper has been routed through the wastepaper stream each time
losing 80% of the previous year's mass, and being further diluted by virgin wood
pulp and forest product residue pulps. As of 1976 the average product concentra-
tion as well as influent and effluent levels had all fallen to the point where
.the sensitivity and detection limits of the analytical methods for measurement
required improvement. The FDA reported a decrease from 15.3 ppm in recycled
(food packaging) paperboard in 1972 to 1.4 ppm in the same material in 1974.

As the introduction of PCB has decreased in the recycled waste paper
stream, the fraction of product PCB arising from the input water has increased,
but this contribution does not appear to be significant at present. For a 0.1 ppb
intake water concentration, total removal to the pulp will produce (in a paper
requiring 13,000 gallons per ton) a PCBs concentration of 0.005 ppm. As an
example of just how directly the effect of the carbonless copy paper acts, the
same concentration (0.005 ppm) would result from the PCBs found in 0.14g of copy
paper ... less than one 8 x 10 inch piece.

The higtorical perspective shown by our mathematical model, and validated
by the available data, show PCBs in paper mill effluents and product to have passed
a maa-unum in the 1970-1971 period and to be continuing down to pre-1957 levels under
the influence of declining amounts of PCBs in the recycled waste paper stream and
the low effective concentrations found for intake waters.
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" - Cn-site measurements and laboratory experiments have shown the PCB to
be substantive to fiber; that is, preferentially associated with the fibers

than the water- in which they are carried. Highest PCB concentrations in fiber
slurries are ̂ ĝ ŷ ated with the smallest firier particles, the "fines". Economical
utilization of the fiber requires it to be exhaustively recycled in attempts to
associate it with the paper being manufactured. Fines control porosity, surface
finish and affect brightness- of the product. Discharge of PCB from a typical
mill thus appears to be primarily by way of the suspended solids. Removal of
suspended aro JA& su»_i n^n ianea PCB removal, and a re»**»*• <3erarinn. of the high surface

to volume ratio of the smaller particles shows why they are the ones that need
to be removed for a low PCB effluent.

A continued trend of increased water recycling is exhibited by the
industry, for the purpose of minimising external treatment costs as well as re-
covering chemicals, heat and raw material from process streams. This has culminated
in the design and construction of a totally process-effluent free bleached kraft
pulping mill in Canada. Only non-contact cooling water will be discharged.
New end-of-pipe treatment systems, such as the Zum-Attisholz 2-stage activated
sludge system installed by Wisconsin Tissue Mills, offer promise of significant
reductions in BOD and suspended solids/PCBs. Cost estimates for carbon absorption
treatment (end-of-pipe) range from $886 to $1227 per pound of PCB removed.

Some data exists to show net removal of PCB from an intake water as
evidenced by a lower concentration in the effluent. The paper-making process in
such a case is withdrawing the PCBs from the environment and stabilizing them in
the much less mobile paper phase. Of course, numerous routes whereby these PCBs

rcmnhi 1 i*efl (in, air ryp water) are available.

O

- - It is believed that essentially all of the Aroclor 1242 used in carbon-
less copy paper has been released to the environment (assuming negligible degrada-
tion) . At the present time more than half can be attributed to landfills and the
remainder d-tag-tpa****-. in, a sense, these, PCBs were mobilized upon the initial
pnviiv^in^ of the paper, and their passage through paper mills merely resulted in
partition between the accepting media (water, air, solid wastes, products).
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2.0 PROCESS TECHNOLOGY OF THE PULP, AND PAPER INDUSTRY
f

2.1 Background

Pulp and paper manufacturing consists of two distinct processes.
Pulping is the reduction of whole wood or waste paper into a semi-liquid
fibrous mass, while papermaking consists of forming discrete fibers into paper
sheet or paperboard. There can also be ancillary operations which provide
special features such as coloring, coating and backing.

The processes require four basic raw materials; fiber, water, energy
and chemicals. In contrast to the earliest mills, newer mills may be located
some distance from their fiber source, especially in the case of recycling-
oriented mills where proximity to fiber means an urban center rather than a
forest. The water requirement is definitely being reduced in magnitude as
recycling methods are being developed within the industry. The recycling has
the benefit of assisting in meeting more stringent discharge criteria as well
as recovering chemicals from process waters and meeting energy needs by re-
covering energy from organic wastes.

The wood used in pulp and paper manufacturing is called pulpwood. It
can be either hardwood from deciduous broad leaf trees, or softwood from con-
iferous or needlebearing trees. This categorization reflects the proportion of
cellulose to lignin (the substance which holds the fibers together). The supply
arrives at the pulping facility as logs, chips made from roundwood, as sawdust,
slab or chip residues from saw mills.

In traditional logging practice, the central portion of the tree was
utilized in the pulping mill requiring a removal of the bark from the log.
Mechanical debarking or hydraulic mear~ are used with the bark often collected
and burned as an energy source.

2.2 General Pulping Techniques

Regardless of the type of process involved, the basic objective of
pulping is to reduce the wood to non-woody fibrous materials by rupturing the
bonds between the fibers of wood. This task entails either cooking the pulp-
wood (using suitable chemicals) in a digester under controlled conditions of
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time, temperature, and pressure or reducing the wood~-to fibers by mechanical
or gernî êrriicajl means.

2.2.1 Mechanical Pulping ^

Mortmnj<">aL'[ pulping, w'yaf-iTnog fra]ier{ "the groundwood process,"
operates by mechanical means, generally using either a large grindstone or a
machine called a "refiner*. The present methods of manufacture do not differ in
principle from that of 1867, though the size, capacity and form of the grinders
have undergone much change. In all equipment the logs of wood are pressed against
the face of a rapidly revolving grindstone in such a way that the length of the
log is parallel- to the shaft holding the stone. In the older grinders, logs two
feet long were placed by hand in pockets attached to the grinder frame, and were
forced against the stone by pressure plateg operated hydraulically . Usually there
were three pockets on each stone so that one could be opened, fined with wood,
and put back into operation without shutting down the entire grinder.

Modern grinder installations are very different in appearance
from these old ones, and operate much more efficiently. Continuous magazine
grinders have been developed, in which the logs are fed into the grinder on one
floor and dropped down through the magazine to the pockets of the grinder on the
floor below. Such grinders are usually installed in pairs driven by a motor which
may rate as high as 4000 horse power and have a turning speed from 3,500 to 5,000
rpm.

The increasingly popular disk mill method uses a refiner to shred
and grind groundwood chips between counter-rotating metal shearing disks. Refiner-
ground wood, which usually has longer fibers, is preferred over stoneground wood
gip̂ e it yields a stronger paper.

Both types of mechanical pulpers are generally used in an inte-
grated papermaking facility, in which the resultant fiber is thickened by removal
of water and stored as slush pulp rather than being formed into flat sheets for
sale as market pulp. Characteristically, grc«a3wood pulping requires high power -
over 32,000 kw to operate a 500 ton per day groundwood mill.

O
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Unlike chemical pulping, groundwood pulping entails considerable

fiber damage. It produces a relatively weak paper that discolors easily on
exposure to light. On the other hand, groundwood processes have the advantage
of converting about 95 percent of the dry weight of wood into pulp, compared to
about 50 percent for chemical, processes. The strength problem may be overcome
by adding long-f ibered chemical pulp to groundwood pulp between the pulping and
papermaking stages.

Groundwood pulp constitutes 70 to 80 percent of newsprint by
weight. Groundwood plants are principally located in Canada and the southern
U.S., where the supply of softwood and electricity is ample.

2.2.2 Chemical Pulping

Chemical pulping is the process of cooking wood with suitable
chemical reagents to dissolve and degrade the lignin, the cementing material

* »

between the wood fibers, and allow the fibers to be easily separated. The
diversity of pulping processes is increasing in response to the availability of
improved technology, the need to improve productivity, and the requirement to

curb pollution. Currently, two major chemical techniques and one semichemical
technique of widespread commercial importance are employed.

The mosL significant chemical processes are the sulfate or kraft
process, the acid sulfite process, and the neutral sulfite process. In the kraft
and the acid sulfite processes, the <̂ ebâ Vê  and chipped wood is loaded into a
large merai digester along with the appropriate chemicals in an aqueous solution.
Heat is applied and cooking is continued, usually at high temperatures and pres-
sures, until the <3eai red degree of deli gn i fi cation and p"-i fi ̂ar i nn is obtained.
Cooking transforms lignin, some carbohydrates, resins, and mineral matter into
soluble compounds that can be removed by washing. For most pulp grades, over 95
percent of the lignin is eliminated. Because the cooking liquid also attacks and
removes some desirable hemicellulose and cellulose from the wood, relatively poor
yields are inherent in chemical pulping.

The type of process and products involved determines the necessary

cooking conditions. The important variables are the size and physical properties
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of—the chips, - the iigiv>r q*jn̂ nai Mpn and coflcentrdt "* ort /• _and tte time, pressure,
and temperature of cooking. The liquor concentration is the most important
variable since it affects the reaction rate and cooking time; a large initial

ntration increases the reaction rate but ̂ ecreq»=« the yield since the
stranger liquor removes or weakens more of the desirable cellulosic materials.
From an economic standpoint, the most important variables in cooking are the
chemical composition and the thermal energy requirement.̂  The industry is con-
centrating on ̂ "f 'jv**.! methods of recovering and recycling the chemicals and
of reducing energy inputs. - .

The ac.fn\ sulfite process, discovered in 1874 and well established
commercially by 1890, remained the most important chemical process until it was
overtaken by the kraft process in 1937. Here, the cooking liquor is made at the
mill ty burning sulfur in air to PQTTB sulfur ̂ icxide and reacting the gas with
limestone to produce a cooking acid of the desired composition and concentration .

For years the only base used was inexpensive calcium, but sodium,
magnesium, and ammonia-based sulfite liquors have come into use recently,
especially in Scandinavia and North America, for various reasons: reduced cooking
time., easier recovery of cooking chemicals, reduced stream pollution, more market-
able by-products, fewer required screenings subsequent to cooking, and greater
brightness. However, the soluble bases other- than calcium cost four to five times
more per ton of pulp and their advantages in yield, reduced cooking time, and
improved pulp quality alone, without the possibility of spent liquor recovery and
before the advent of stringent pollution' controls , would not have warranted in-
dustry use.

Since the spent liquor in the calcium-based process is uneconomical
to recover and presents a major water pollution control problem, most plants will
abanA-ip the process unless an eoonf*|i'jr!aT way can be found to recover* or dispose of
the spent liquor. Spent ll<jr?r has been variously used, e.g. , as a road binder or
in the. manirPyHrrre of yeast, vanilla, alcohol, fertilizers, insecticides, tanning
agents, and inks. It can also be burned in concentrated form to produce power and
steam; the heat value of the dried sulfite waste is about two-thirds that of
industrial coal, but much of the energy produced must be used to evaporate and con-

O
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centrate the liquor in preparation for burning. Even this limited recovery is
lively to become more attractive as energy prices rise.

Despite such efforts to find alternative uses for the spent
liquor, most mills have continued to dispose of it as a waste product. Recent
water pollution control requirements might alter this trend.

The kraft (sometimes called the sulfate) process is now pre-
dominantly used in pulping. The name "sulfate" (derived from the sodium sulfate
used as the make-up chemical, in the chemical recovery process) is misleading since
the active cooking agents are mostly sodium hydroxide and sulfide.

As in the sulfite process, wood in chip form is cooked in large
steel digesters in the presence of a cooking liquor and under conditions of
elevated temperatures and pressures. The cooked chips are then defiberized in a
blow tank and screened as necessary before washing and bleaching. The prepared
pulp may be either pressed and dried into flat sheets for sale or shipment to
another facility or retained in a slurry form for use at an adjoining paper or
paperboard plant.

The kraft process has various advantages: it can be used on al-
most any species or quality of wood; its cooking times are short; it entails no
pitch problems; recovery of the spent liquor is relatively easy; and it yields! •
valuable by-products. The pulp produced has great strength and can be bleached
to high levels of brightness. The efficient chemical recovery system is especially
advantageous and economical since the sodium hydroxide used in the kraft process
is a very effective but relatively expensive chemical.

The principal disadvantages of the process are its high capital
costs, high cost of bleaching, and discharge of several highly malodorous waste
gases (e.g., hydrogen sulfide). Regulations requiring controlled discharge are
thus significantly affecting the economics of the kraft process. Electrostatic
precipitators and scrubbers are being used to reduce odor by precipitating dust
particles to which the odor producing particles cling. Unfortunately, since the
wastewater from these cleaning operations cannot be used for pulp washing be-
cause the odor is imparted to the pulp, this deodorizing method merely substitutes
a liquid waste problem for a gaseous one.
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2.2.3 Send chemical Pulping

pulping, which Tipbines menĵ anj r»a \ and chemical- - [ >
.pulping features, chemically treats the wood to achieve partial softening and
then ngea mefhanina^ refining to Complete the **, "eri *at * ̂ H - 5gTU/?bjpF'î *1 pulp-

ing offers several advantages over both chemical and groundwood processes. The
yield is from 65 to 90 percent of the weight of the wood because only part of
the Tignjrt and hemine! itiioae is removed. This is <"jnpa|«̂ eran] y better than the
straight chemical process. The chemical pretreatment reduces the amount of
power. necessary for the subsequent me<-hanir«ai reduction,- increases the average
fiber length, and enables the process to be used effectively with hardwoods.
In addition, since aemjcbemi <rai pnip^r^g n.aea fewer chemicals than the pure

chemical processes and requires a lower rapirai investment, it lends itself to
use in smaller plants. One drawback is that sem.lchem.ical pulping only works
well for hardwood and is not *>sed for softwood species.

The two most important types of genrirfvamjr-ai pulping are the
neutral sulfite gemirfvanrirjai and the cold cystic p̂ yes-seg. The more widely
used neutral sulfite process treats the wood with a solution of sodium, sulfite
which, during cooking, is buffered to about pH 7 with a buffering agent such as
sodium bicarbonate. The physical characteristics of the neutral sulfite process
pulp make it particularly well suited for use as a corrugating medium. The
neutral solution produces a pulp with high yield, about 65-80 percent, strength,
and brightness without offensive odors.

The cold caustic process, which employs caustic soda (sodium
hydroxide) to produce coarse pulps for corrugating and some finer pulps for
printing papers, is parti cularly useful with high density hardwoods that cannot
be "get̂  in the groundwood proces"". Efficient >i?e. of chemicals and rerluc*'iffiri of
the mechanical energy required for subseqant refining make this process lower
in operating costs than either groundwood or other semichemical processes. The
pulps produced are inferior to kraft pulps in physical properties but stronger
fhan or equal to gzoundwood pulps made from softwoods.

Chemical recovery in semj<;bg>|ur!a^ mills, unlike in the kraft
system, can use a number of chemical processes. For the semichemical process

O
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using caustic soda, a recovery process similar to that used to recover sodium
hydroxide in the kraft process may be used. Most of the remaining techniques
involve either combustion of cross-recovery (using the kraft mill recovery
system) .

2.2.4 Secondary Fiber Pulping

Secondary fiber, derived from wastepaper, is a principal source
of pulp for some papermaking facilities around the large metropolitan areas.
Secondary fiber accounts for about 20% of the fiber used for pulp today. Al-
though the rising cost of fiber will undoubtedly induce the industry to increase
use of secondary fiber (especially recycled paper, the highest-quality waste-
paper used for making pulp today) , such increases may be less than is popularly
anticipated. Rising energy costs, the difficulty of separating wastepaper from
other trash, and the lack of captive supplies may limit the growth in use of
wastepaper as a fiber source. Mills that use wastepaper generally have little
control over their secondary fiber supply, although firms are increasingly
seeking long-term wastepaper supply arrangements.

2.2.5 Dissolving and Special Pulps

Variations of the basic sulfate and sulfite processes which
produce pulps for paper and paperboard are used to produce a special type of
pulp called dissolving pulp. This segment of the pulp industry has become so

that it operates much as a separate industry. To generate dis-
solving pulp, pulps produced by kraft or sulfite processes are chemically
purified to remove all semi-cellulose and to extract pure cellulose. The pure
cellulose is then used as a raw material to produce rayon, cellophane, and cel-
lulose derivatives used in such diverse products as explosives, detergents,
lacquer, food product thickeners, hand lotions, and automobile accessories.
Dissolving pulp is also used to make glassine paper (the paper that forms the
clear window in window envelopes) . Dissolving pulp facilities are frequently
located adjacent to kraft and sulfite mills so that the pulp can be delivered
in slush form without drying.
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2.3 EPA Classification of Mi "Ma by Pulping Method

. - • - It is at the pulping stage that the process schemes allow for dif- . ,_.
ferentlation between plants. In ccrapliance with certain sections of FWPCA of \ __ )
1972, EPA has established the following sub-categories of pulp, paper and paper-
board operations for the purpose of establishing effluent guidelines;*

Table 2-1 EPA Mi 1.1 n*aaification

1. Bleached Kraft: Dissolving Pulp
2. Bleached Kraft: Market Pulp
3. Bleached Kraft: Fine Papers
4. Bleached Kraft: B.C.T. Papers
5. Papergrade Sulfite
6. Papergrade Sulfite Market Pulp
7. Low Alpha Dissolving Sulfite Pulp
8. High. Alpha Dissolving Sulfite Pulp
a. Soda
10. Groundwood: Chemi-mechanical (CMP)
U. GrOUndWOOd: T^rmn-̂ neffiajiJCal (TWP)

12. Groundwood: Fine Papers
13. Groundwocd: C.M.N. Papers
14. Deink
15. Non-Integrated Fine Papers
16. Non-Integrated Tissue Papers'
17. Non-Integrated Tissue Papers (fwp)

-EPA defines each «^Taaa of mill as follows:

1. HTFRTHEn KRAFT; DISSOLVING PULP means that production of a highly
pulp by a "full cook* process utilizing a highly alkaline atŷ jim hydroxide and

sulfide cooking liquor. Included in the manufacturing process is a "pre-
cook" operation termed prehydrolysis. The principal product made by
this subcategory is a highly bleached and piri'p-fê  dissolving pulp which is used
principally for the manufacture of rayon and other products requiring the virtual
absence of lignin and a very high alpha cellulose content.

* Reference NO. 1; further industry and process descriptions, including waste-
water characterization, can *1.gQ be found in this and associated references.
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2. BTĴ CHED KRAFT; MARKET PULP means the production of bleached pulp by a "full

cook" process utilizing a highly alkaline sodium hydroxide and sodium sulfide

cooking liquor. Included in this subcategory are mills producing papergrade

market pulp as the only product.

3. HrracHrm KRAFT; FINE PAPERS means the production by integrated pulp and paper
by a "full cook" process utilizing a highly alkaline sodium hydroxide and sodium
snl.fide cooking liquor. The principal products made by mi 11 a in this subcategory

are fine papers which include business, writing, and printing papers.

4. ftT-T̂ CHED KRAFT; B.C.T. PAPERS means the production by integrated pulp and
paper mills of bleached pulp and paper by a "full cook" process utilizing a highly

alkaline sodium hydroxide and sodium sulfide. cooking liquor. The principal
products made by mills in this subcategory are papers of low filler content

including paperboard (B), coarse papers (C), and tissue papers (T).

5. PAPERGRADE SULfc'lTtI means the production by integrated pulp and paper mills of

pulp and paper, usually bleached, by a "full cook" process using an acidic cooking
liquor of bisulfites of calcium, magnesium, -mn"'"iia f or sodium containing an excess

of free sulfur dioxide. The principal products made by mills in this subcategory
are tissue and fine papers.

6. PAPERGRADE SULFITE MARKET PULP means the production of pulp, usually bleached,
by a "full cook" process using an acidic cooking liquor of sulfite of calcium,
magnesium, ammonia, or sodium containing an excess of free sulfur dioxide. The

principal product made by mills in this subcategory is papergrade market pulp.

7. LOW ALPHA DISSOLVING SULETTE PULP means the production of highly bleached and
purified pulp by a "full cook" process using very strong solutions of bisulfites

of calcium, magnesium, ammonia, or sodium containing an excess of free sulfur dioxide.
The pulp produced by min a in this subcategory are viscose, nitration, or cellophane
grades and are used principally for the manufacture of rayon and other products
requiring the virtual absence of lignin.

8. HIGg ALPHA DISSOLVING SULFITE PULP means the production of highly bleached and
purified pulp fay a "full cook" process using very strong solutions of bisulfites of
calcium, magnesium, ammonia, or sodium containing an excess of free sulfur dioxide.
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p^lp produced by mill.a in rMa subcategory is principally â ê ate grade and

the principal-uses are for the manufacture of rayon and other products requiring
the virtual absence of lignin. . . . . . . .

- 9. : SODA means the pmTuction by integrated pulp and paper mi 1i g of bleached pulp
and: paper by a "full cook!* pp»>gg utilizing1 a highly alkaline ŷ urrc hydroxide
cooking liquor. The principal products made by mills .in..this subcategory are
printing, writing, and business papers.

10. GfaXJHDWOOD: CHEMI-MECHANICAL means the production by ijitegrated_pulp and paper
nrills of pulp and paper, with or without brightening, utilizing a chemical cooking '
liquor to partially cook the wood followed by mechanical defloration by refining
at atmospheric pressure. The principal products made by mill a in this subcategory
are fine papers, newsprint, and molded fiber products.

U. GRCUNDWDOD; TSERMO-MECBANICAL means the production by integrated pulp and paper
mills of pulp and paper, with or without brightening, by a brief cook utilizing
steam, with or without the atMfrfrm of cooking chemicals such as gfv^ii™ sulfite,
followed by mechanical defibration by refiners which are under pressure. The
principal products made by mills in this subcategory are fine papers, newsprint,
coarse papers, and riaane products.

12. GRDUNDWDOD: FINE PAPERS means the production by integrated pulp and paper mills
of pulp and paper, with or without brightening, utilizing only mechanical defibra-
tion by either stone grinders or refiners. The principal products made by mi 11 s
in this subcategory are fine papers which include business, writing, and printing
papers.

13. GROUNEWDOD: C.M.N. PAPERS means the production by integrated pulp and paper
mj 11 a of pulp and paper, with or without brightening, utilizing only mechanical
defibration by either stone grinders or refiners. The principal products made by
m-f 1.1 a in this subcategory are papers of low filler content including coarse
papers (O , molded fiber products (M), and newsprint (N).
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14. pfrTNK means the production of pulp and paper usually brightened or bleached

from recycled waste papers in which an alkaline treatment is used to remove

contaminants such as ink and coating pigments. The principal products made by
mills in this subcategory are printing, writing and business papers, tissue papers,

and newsprint.

15. NCN-INlafciKATRn FINE PAPER means the manufacture of fine papers by non-
integrated mills from wood pulp or deinked pulp prepared at another site. The

principal papers made by mills in this subcategory are printing, writing, business,
and technical papers.

16. NON-INTEGRATED TISSUE PAPER means the manufacture of tissue papers by non-

integrated mills from wood pulp or deinked pulp prepared at another site. The
principal products made by minR- in this subcategory are facial and toilet papers,
glassine, paper diapers, and paper towels.

17 . NGN-INTEGRATED TISSUE PAPERS (FROM WASTE PAPER) means the inanufacture of
tissue papers by non-integrated mills from recycled waste papers (fwp) . The
principal products made by TTVJ n a in this subcategory are facial and toilet papers,
glassine, paper diapers, and paper towels.

The effluent limitations and standards for the above subcategories are
based upon on-site manufacture of all of the pulp (including deinking of waste

paper) used to produce the final products (i.e., no supplementary fiber source
such as purchased pulp or waste paper was included in the determination of the
effluent limitations or standards) . The exception to this is the Groundwood:
CMN Papers and Groundwood: Fine Papers subcategories which were based upon ground-
wood mills manufacturing papers from pulp produced on-site and from purchased

pulp used as supplementary fiber. ( ' Of particular interest from the standpoint
of PCBs and waste paper recycling are categories 14, 15, 16 and 17.

2.4 Papermaking Processes

2.4.1 Background

For most paper and paperboard products, the papermaking machine
receives prepared paper stock containing about 199 pounds of water for every pound
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of dry material, paases it through a series of operations to form it into a
continuous web and to remove the excess water, presses the wet sheet to remove ("j
still more water and to make the sheet still more dense, dries it over heated
driers and finally reels it up into large rolls. This change from stock con-
taining almost ten tons of water per 100 pounds of dry matter to a sheet of
paper which seldom contains over 5 pounds of water in 100 pounds of dry paper
takes place in just a few minutes according to the speed of the machine. A
schematic of the overall procesŝ  is shown in Figure 2-1.

Although many mechanical variations and improvements have been
made over the years, only two basic types of paper machines, the fourdrinier
and the cylinder, are used today. Both were invented over a century ago. These
machines differ significantly in the method of forming the fiber web.

The fiber stock is subjected to a series of refining and clean-
ing stages prior to its introduction to the paper machine. These stages are
chosen to pro<3uce the desired fiber characteristics to meet the product's needs.
The fiber stock is nechanically refined in heaters or continuous refiners to
fray or "brush" the individual fibers. The frayed fibers will have a tendency
to mat together and the degree of matting will produce the required strength in
the final paper. In fine papers where a compact, tight mat is required the
stock may aiaa be pumped through a fordan which will cut the fibers to the re-
quired length with a limited amount of brushing.

2.4.2 Fourdrinier Paper Machine Process

In the fourdrinier, the refined stock is pumped to a headbox
which controls the amount of stock flowing to the paper machine "wire" and thus
maintains the paper at the desired consistency. The carefully diluted stock
(~ 0.5% solids) is then spread evenly on the "wire" (a woven brass or bronze
cloth, the mesh of which differs in type and size of opening according to the
paper being made) to form the paper. Water drains through the wire, and is
squeezed from below to assist in the drainage. The transfer of the sheet to
presses is accomplished with a suction pick-up roll. The sheet leaves the "wet-
end" of the machine at a consistency of 35 to 40% solids and is passed through
heated, hollow iron or steel drum dryer rolls in the dry end. Because of its
higher output speed and greater versatility the fourdrinier is more ccmioi than
the cylinder.
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Figure 2-1 gives a schematic process flow Diagram for the
fourdrinier paper machine, of special interest is the recycling loop of both
water and fiber from the fourdrinier section back to the rich white water tank,
saveall and filtered white water tank. This stream is the major inplant carrier
of fines-related PCBs, and is shown to be repeatedly passed through the fourdrinier
to incorporate as much of the fiber and fines load as possible in the product
paper.

2.4.3 (y'nrter Paper Machine Process

In the cylinder machine, the headbox and wire found in the four-
drinier are replaced by a wire-covered cylinder mold which is partially immersed
in the prepared stock.

The principle of the cylinder machine differs from that of the
fourdrinier in several respects. Instead of the sheet being formed on an endless
belt of woven wire through which the water drains, leaving the fibrous stock on
its surface, the cylinder mold revolves while partially immersed in a vat of the
dilute stock and the: sheet is formed on the surface of the wire-covered mold.
This is acumij.)lished by maintaining the water level within the cylinder lower
than that outside so that the water drains into the cylinder leaving the stock
on its surface. The web of paper formed by the revolving cylinder is removed off
the top of the cylinder by a felt. Usually a cylinder machine consists of several
cylinder molds and vats supplied with stock entirely independeltly, and as the
felt passes over each cylinder in turn it picks up the sheet from each, thus
making a sheet of multiple layers. This makes it possible to form sheets with
surface layers differing from those within the sheet, either in color, kind or
fiber or both.

The same basic flow process is associated with cylinder machine
as the fourdrinier shown in Figure 2-1; however, as mentioned above, the final
product may be multi-layered, requiring a parallel stock flow through each
cylinder machine.
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2.5 Paper Industry; Size and Distribution

2.5.1 Water Usage

Census Bureau data shows that Paper and Allied Products had a
1973 water intake of 2,415 bi"ni"r> gallons. Gross water usage was estimated
to be 8,126 bill inn gallons. The ratio gross/intake shows how much water re-
use is occurring. The historical trend is shown on Table 2-2.

Table 2-2
Water Usage -in Paper and Allied Products Industries

Gross Water Intake Water
Year (b<TH«nn gal) (billion gal) Gross/Intake

1973 8127 2415 3.36

1968 6522 2252 2.89

1964 5491 2064 2.66

1959 5046 1937 2.60

1954 4242 1786 2.38

Between 1954 and 1973 water intake increased by 35%. In the
same period, total paper and paperboard production rose 106%. The trend to
internal water recycling is well documented and continuing. A report by Rapscov '
describes the processes to be used at the bleached kraft mill of Great Lakes
Paper Co., Ltd. at Thunder Bay, Ontario. This mill will start up in late 1976
and will recycle virtually all of its water, emitting only low temperature heat
in uncontaminated cooling water. Projections indicate this to be at a lower
cost than use of external treatment. One major reason will be the conservation
of heat in the counter current washing of the Bleached pulp.

Allowing for a 5% water loss associated typically with product
moisture, about 2.2 trillion gallons of water was discharged to U.S. waterways
in 1973. Average runoff for the continental U.S. is given by Todd^ as 655
trillion gallons. A simple division indicates that the paper and allied product
discharge is 0.33% of the total continental runoff. Since the discharge is not
evenly distributed over the rivers, the water quality of even large streams can
be strongly affected by the effluent loads from paper mills.
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2.5.2 Production History

There is much poUaitial for confusion in the utilization of
data, from the -pulp and paper industry because over the years for which inf or-
nation has been retained, new products as well as new processes have appeared,
As a result, the categorization of the output of the industry is constantly
changing. While the categories are relatively stable over a short, ferm period,
they have changed noticeably during the long rerm. The general overall trend
has been one of production increase, underlain with a use of recycled -waste
paper which has varied with, world economic and political conditions. Table 2-3
shows the information on prn>^|v"frion and secondary fiber usage ob*"a''nerj from
Bureau of Census, American Paper Institute and other sources for the 1957-1974
period.

According to the last column of Table 2-3, the rate of recycling
has remained virtually constant at about 20% since 1968. Even with the emphasis
on re-use and conservation of natural resources, little change can be seen.

fA\
Linglav states that paper constitutes 31% by weight of municipal solid wastes
going to disposal. Of that paper, 29% is corrugated containers, newspapers and
printing papers are each 20%, and packaging and the other categories make up the ._
balance. Slightly more than half of all paper wastes are from residences with v_y
the rest originating in (rinwr«;ia1 or institutional locations.

Source separation is a basic part of most collection systems
focusing on recycling, newspaper bundling in residential areas and compacted
corrugated «">*> ii'm QQTI **•?<* ion FIT HI commercial earahi i ghmen-hg are examples of
such source separation schemes. This is required so that a paper mill utilizing
recycled paper in its furnish (raw material) can be assured that the proper
type of fiber is going into its process.

The type of catch-all waste which emanates from offices, govern-
ment and commercial firma is termed "mixed waste". While it can be utilized by
segments of the paper industry, there exists the chance in this waste stream for
the carbonless copy paper which contains PCBs.

O
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TABIE 2-3

Year

ro
V

Paper
(10* tons)

13.6
13.5
15.0
15.4
15.7
16.5
17.3
18.2
19.2
20.7
20.9
22.4
23.6
23.6
23.8
25.4
26.5
26.9

Paperfaoard
(10* tons)

14.1
14.1
15.5
15.7
16.4
17.5
18.2
19.6
20.8
22.6
22.1
24.5
26.1
25.5
26.1
28.5
29.7
27.9

Product Output and Recycle Rate

Construction Board
(10* tons)

3.0
3.2
3.5
3.4
3.4
3.4
3.7
3.9
4.1
3.9
3.9
4.3
4.5
4.4
5.1
5.5

.5 .7
5.2

Output
Total

(10* tons)
30.7
30.8
34.0
34.5
35.6
37.5
39.2
41.7
44.1
47.1
46.9
51.2
54.2
53.5
55.1
59.5
61. 8
59.9

Paper Stock
Recycled
(10* tons)

8.5
8.7
9.4
9.0
9.0
9.1 .
9.6
9.8
10.2 4
10.6 \
9.9
10.2
10.9
10.6
11.0
11.7
12.2
12.1

% Production
Recycled
27.7
28.2
27.6
26.1
25.2
24.3

' 24.5 --!
23.5 -
23.1
22.5
21.1
19.9
20.1
19.8
20.0
19.7
19.7
20.2



3.0 TRANSPORT OF PCBs IN IT̂ F PAPER INDUSTRY ~ -_

3.1 PCS Sources to the Industry __ _ —^

3.1.1 Influent Waters

A representative value for PCBs concentration in the intake
waters of paper mills was deemed necessary for several aspects of the work. This
value, which was determined to be 0.1 ppb, was derived from several sources as
shown below.

During the early months of 1976, EPA instructed its Regional
r>Pr'ir«eq to conduct a gampi ing pjr̂ jĵ n aime^ at identifying point sources of PCBs
to the environment. This Regional Surveillance Program reported in excess of
2,400 data points. Of these, 106 could be unambiguously categorized as having
come from a natural body of water. With the elimination of a few samples suspected
of being contaminated, the average value of these "natural water" samples is 2.3
ppb. However, the choice of sampling sites was usually contiguous to a facility
which was already a potential PCB emitter, so that this value is probably more
representative of a high use, industrially developed stream, rather than an environ-
mental background. The intake PCB concentrations for paper mil 1 s might therefore C j
be expected to be somewhat less than this 2 ppb average. Paper mills faced with
suspended solids in their intake water will usually perform a clarification clean-
up prior to use. Such treatment would be expected to remove up to 90 per cent of
the PCBs from the water (retained on removed particulates).

Dennis obtained STORET data for PCBs in major U.S. drainage
basins and showed a range of median values for each basin from ND (not detectable)
to 0.3 ppb in hiS raHilarion for 1974.

Data on intake water PCB concentrations from the Institute of
Paper chemistry for eight Wisconsin paper miiig showed three mills reporting un-
detectable levels and the other five reporting an average of 0.2 ppb PCBs.

On the basis of the above considerations, the representative PCBs

level of the water used in paper mills was taken to be 0.1 ppb.

O
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3.1.2 Process Chemicals

Table 3-1 gives a typical listing of some of the major kinds of
used in pulp and paper making. The amounts used on a per unit ton basis

vary from trace quantities to 280 Ibs. for some pulping liquor constituents.

Both Crown Zellerbach and Institute of Paper Chemistry researchers
have tested process rfiemjralg for PCBs. None have ever been detected except for
one specialty chemical reported by IPC. A rough calculation shows that to produce
a 2 ppm PCB concentration in a product which uses 8 Ibs. of trisodium phosphate
per ton of pulp (assuming a complete extract.ion of PCB by the fiber), 2 grams of
PCB would have to come in with the detergent. Its concentration in the detergent
would be 5500 ppm, easily detected. Even an increase of 0.1 ppm in the product
from this source would require a concentration of 27.5 ppm in the phosphate.
Present analytical capabilities allow monitoring at 1 ppm and below, so that PCB
inputs from process chemicals would have been easily noticed.

3.1.3 Inks

The National Printing Ink Research Institute at Lehigh University
was contacted for details on present and past usage of PCBs in printing inks. The
major use reported was the NCR encapsulation procedure used in the carbonless copy
paper. A small number of patents do exist for PCB use as part of some inks
sensitive to ultraviolet light. However, they date from the very early seventies
and had not gotten into widely marketed use by the time the PCB use in carbonless
copy paper was stopped. To the best knowledge of NPIRI, none of these inks reached
commercial production and no,present day formulations utilize PCBs as a constituent.

Subsequent conversation with a representative of the Sun Chemical
Co.* indicated that PCBs were used f.~r several years prior to 1971 in "flexographic"
inks used on flexible packaging. It was estimated that the production of such inks
during 1970 was about 20 million pounds, of which about five per cent of the pro-
duction would have contained PCBs at a two per cent by weight concentration. Thus,
the estimated use of PCBs for this purpose, apparently the maximum, was 20,000
pounds in 1970.' The hig+wjrjat trend for this application is not known, but based

*Personal Communication with Mr. William Rusterhaltz, Sun Chemical Co., October, 1976.
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TABLE 3-1

CHEMICALS tAS>*D IN PULP & PAPERMAKING
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on a five-year period of usage and linear growth during that period, it is

estimated that the total usage of PCBs in such inks was about 50,000 Ib.

The above figure is roughly 0.1 per cent of total PCBs usage in
carbonless copy paper. In addition, flexible packaging material s typical ly were

plastic or contained plastic adhesives which render them unattractive for re-
cycling. Thus, it appears unlikely that the PCBs usage in flexographic printing
inks' has contributed significantly to PCBs inputs to the paper industry.

3.1.4 Recycled Waste Paper

As was indicated in Section 1.0, the major source of PCBs entry
into the paper industry appears to have resulted from the use of Aroclor 1242 in

carbonless copy paper during 1957-71 and subsequent recycling of a fraction of this
product. To some extent, PCBs contamination has spread from this source through-
out paper products because of the affinity of paper for PCBs. A summary of avail-

able data on PCBs levels in various types of paper products, by year, is presented
on Table 3-2. The recycling of these products tends to perpetuate the contamination.

3.1.5 Other Potential Uses or Sources of PCBs in Paper Mills

Although paper mills utilize askarel-filled (PCB) transformers and
capacitors, and may have utilized PCB-filled hydraulic or heat transfer systems,

PCB-containing lubricants, paints, etc., it is considered unlikely that such
activities would be causing release of significant quantities of PCBs to either

effluent streams or product streams.

Similarly, it is also considered highly unlikely that PCBs are
produced in the practice of wastewater chlorination in the paper industry. Biphenyl

has not been identified as a waste stream constituent from this industry, although
very small amounts could conceivably enter via recycling of packing materials
(typically for fruit) which have been treated with biphenyl as a fungicide.

3.2 PCB Content of In-Plant Streams and Reservoirs

Data on PCB levels of in-plant process streams are almost completely non-

existent for three apparent reasons. First, at the observed low concentrations,
PCBs have no effect on product quality, so that internal monitoring is not required.
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TABLE 3-2

PCB CONTENT OF PAPER fUD PAPERBOARD

: - No, of PCB Content
- - " " Samples <ppn) Reference

1968

Prior to
1970

1971

1972

1973

1973

1974

1975

1976

(1)Discoun

Virgin pulp

Recycled* ' wastepaper
input

Itecucled' ' mmtjarvar^r
input (1970-1972)

Virgin pulp

Virgin newsprint
Recycled newsprint
Virgin bond paper
Recycled bond paper
Rlfffl/Tiiwi krsft oulo
Bleached Vraft- liner board
Publication paper

Recycled paperboard
Recycled U) wastepaper
input

Virgin pulp

Paperboard
Virgin pulp

Paperboard
Cereal, liner
fVii— nvi i il ftA WvaTrl* ' T L~jn\." 1 AAJCLLU,

Waxed paper
Spec, twist
^^2fflH^j[\— cnr3(u^5•S^
Bookstock-.
Recycled I1' wastepaper
input

2

13

24

200
2

100

3
3
7
2
4
1
3

115
5

2

4
6

138

0.29

3.2

1.1

_ '15.3
0.16

0-20

<!s-l!38
<.5-8.5
113.5-290
<. 5-1.33

1.45-2.97
0.37

0.127

0.3-1.2
0.072

0.430
0.8
0.2
0.5
0.2
0.3
1.6
0.15

6

6

6

7
6

8

a
9
9-
9
9
9
9

7
6

10
11

11
6
U
n
11
11
n
6

ting known samples of NCR carnonless copy paper.

O

O
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Second, most plants, especially the older ones, are not planned with specific
capability for sampling in-plant flows, so any sampling done is more by opportunity
than by design. Thirdly, commercial PCB analyses cost from $60 to $100 per sample,
and a sampling proyidiu without a clear goal of compliance with regulations or
product improvement is generally considered a poor investment. A PCB analytical
system would require capital costs in the range of $15,000 to $20,000 and annual
expenditures for trained personnel, lab space, and operation of up to $50,000.

3.2.1 PCBs in Deinking and Pulping Process Water

The deinking process water is typically not a recycled stream,
although in many cases it represents a significant fraction of the total water
usage for a recycling mill. Deinking procedures and conditions depend on the
product qualities desired (white or natural or color, etc.). Although some of
the PCBs associated with recycled paper will probably be stripped from the fibers
during deinking, this should represent only a minor fraction of the total PCB load
of the reclaimed material.

During the pulping process the cellulose fibers are separated, and
this process should also release the PCBs or PCB-containing microballcons held
within the mat. PCBs already released from microballcons would then be able to
distribute themselves between the fibers and the water. Since evaporation and other
' losses of PCBs during pulping should be small, the above appears to be the situa-
tion when the slush pulp enters the paper mill.

3.2.2 Distribution of PCBs in the Papermaking Process

In the papermaking process (see Figure 2-1), most of the PCBs
entering with the pulp exit with the product. These would include most of the PCBs
in intact microballcons and most of the PCBs associated with fibers. In the drying
and calendaring sections, the vaporization of excess water would be expected to
mdistill free (not encapsulated) PCBs at or near the surface. This is the major
opportunity for vaporization loss in the process.

In a typical plant, much of the water in the papermaking process
(white water) is recycled as shown in Figure 3-1. White water from the fourdrinier
or cylindrical machines contains dissolved and suspended PCBs. The fibers present
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are relatively small, with high surface area per unit weight, so that the ratio
of PCBs to solids by weight may be as large as or greater than the PCBs content
of the product. Much of the PCBs in suspended form is added back to the main
process with the short fibers, in order to conserve fiber. The liquid phase from
the "save-all", a separator unit, is filtered to futher remove fiber (which goes
back, into the process) and the filtrate is discharged. This clarified save-all
yield can be one of the major cxitipunehts'of'the discharge from the plant."

If we assume a 1 ppm PCB concentration (typical of product PCB levels
using recycled pulp) in the fiber portion of the clarified save-all yield (at
120 mg/1 solids), the PCB concentration of that flow is 0.12 ppb which is effective-
ly the same as the intake value selected as representative, and near the lower
working limit of present analytical techniques. About 95 per cent of the PCBs
entering the save-all appear to be directly recycled back into the paper on the
PCBs first pass through the white water system. Thus, it appears that most of
the PCBs (and the solids) in the effluents arise from unit processes other than the
save-all.

Since it appears that most of the PCBs in paper mill effluents are
associated with the fiber solids (either encapsulated or adsorbed PCBs), the
major route of PCBs entry into wastewaters must then be via solids entry. On
Figure 3-1, this occurs primarily in the aqueous discharges from the centrifugal
cleaners, machine screens, and press section. Fiber loss at these points is
sufficient to cause solids levels up to several grams per liter in the raw waste-
water.

3.2.3 Fate of PCB-Oont.ai.ning Microspheres

The hardened gelatin-gum arabic walls of the ink-carrying micro-
balloons used in the NCR carbonless copy paper are considered essentially stable
under conditions typically encountered in the use of secondary fiber. Thus, most
of the microballcons should proceed through the process intact. Most would be
expected to be incorporated into the product, because of the manner in which fiber
is collected in to product (essentially a filtration process).
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Based on the above, the PCBs content of the plant effluent should
consist of those microspheres not retained in the product and a fraction of that
released by breakage (through usage of the paper, during collection and transport
of wastes, and in the recycling and papermaking processes) . The remainder of that
released by breakage could remain on the product, be vaporized, or removed from
the stream in various other ways.

This line of reasoning leads to the conclusion that most of the
PCBs in paper products and wastepaper is still encapsulated. Discussions with
paper industry representatives have supported this view, especially discussions on
the comparison of analytical results between procedures in which the ndcroballcon
walls have and have not been definitely destroyed. PCB levels resulting from
destzuction of the ml̂ rvê tere walls with alcoholic pî gginm hydroxide solution
are much higher than those obtained using conventional extraction procedures.
However, this could be grossly misleading since the same treatment is necessary to
separate the individual fibers to release for analysis PCBs (in whatever state)
tiappud within the mat.

The actual proportion in paper products and effluents of PCBs in
intact microballoons is not known and could be ascertained only with difficulty.
One of the items of future work proposed by the Institute of Paper Chemistry in
a recent report* ' is to determine the amount and effect of PCBs present in pro-
ducts and effluents Within intact mirrrnrial Inona.

3.3 PCB Losses from the Pulp and Paper Industry

3.3.1 Wastewater

The PCBs content of microbal 1 cons in plant effluents can be
removed by «"i *A* removal; similarly, PCBs ̂ ''ib**! onto givgpgTvfe*̂  solid-, in the
effluent can likewise be removed. Solubilized PCBs, either in true solution or
present in or on very q«»n particulates, will be very difficult to remove from

effluents.

The partition coefficient for PCBs between cel1"lrtjM* and water is
not expected to be anywhere near as large as those between lipids or carbon (for
examplel and water, based on the relatively slight accumulation in woody plants
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and scanty general information available on this subject. Unpublished
obtained from the Institute of Paper Chemistry concerning a series of experiments
in which, one per cent fiber slurries in water were doped with PCBs Cup to 100 ppb),
shaken and allowed to settle, and then filtered and analyzed, indicated partition
coefficients ranging from 800 to 1700. These values are not sufficiently high to
allow removal of dissolved PCBs with, suspended solids in mill wastewaters as
rigyri hf>A belOW.

At a partition coefficient for PCBs between cellulose and water
of 500, and a suspended solids content of two gm/liter, about one-half of the
"free" PCBs would be expected to be adsorbed onto the fiber. However, recent
industry experience has indicated that removal of over 90 percent of the suspended
solids from the wastewaters will also remove over 90 percent of the PCBs, with
resulting PCB concentrations in the range of 0.1 ppb to several ppb, well below
the reported solubility level of Aroclor 1242. In the absence of. other infor-
mation, this appears to indicate that 'relatively little of the PCBs in the waste-
water is present as dissolved PCBs.

Three alternative explanations for the above appear to be
possible:

(1) The partition coefficient between water and the solids present is
very much greater than a few hundred;

(2) i-jost of the PCBs present are encapsulated in microballcons and
are thus removed in this form along with the other solids; or

(3) Organic solids added to or present in wastewater treatment systems
serve to separate the PCBs from the water.

Alternatives (2) and (3), or a combination of these, appear to
be more likely than alternative (1). In all paper mill wastewater treatment
systems of which we are aware, polymeric flocculation aids are axMed in primary
treatment and/or the water is subjected to activated sludge secondary treatment.
It is well-known that biological sludges exhibit a strong affinity for PCBs and,
although the sorptive activity of the polymeric agents for PCB relative to water
(and cellulose) is not known, it may be surmised that these agents are better
scavengers of PCBs than cellulose. However, alternative (2) (most PCBs still
encapsulated) remains a strong possibility until proven otherwise.
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...-- . . The PCB levels in raw wastes, from, recycling plants vary widely
but are typically in the range of 10 to 100 ppb» With.current waste treatment
practices, this is reduced to a typical range of less than 0.5 ppb to several ppb,
with occasional excursions. As a consequence of the recent experience showing PCB
removal concomitant with suspended sollda removal, compliance with BPCTCA (1977)
and BATEA (1983) should result in continuation of the downward trend in effluent
PCB levels.

3.3.2 vaporization Losses _

3.3.2.1 Losses During

Available information indicates that there may be
measurable ipggeg of PCS during the* t'mmiai of moisture fo'im the pap*r in

machine. This conclusion was reached on the basis
of mass balanm studies ffrn* on a number of cooperating Wisconsin mills.

We are A>aiin«j here with a PCB concentration in a typical
paper of only .1 gram per ton. Since the qualitative assessment of the vapor-
ization loss was that it was a few percent of the PCBs present, the loss will
not pose a health hazard, nor will it have a significant effect on the con- __
elusions reached in the model of the industry. 'v )

3.3.2.2 Losses from Effluent Treatment Ponds

A significant amount of the treatment of papermi 11
effluent occurs in systems open to the atmosphere. Such choices as aerated stabiliza-
tion basins, ditch aeration, and rotating biological surfaces are designed to provide
a greater supply of atmospheric oxygen to the effluent for the purposes of lowering
BOD. At the same time an opportunity arises for PCBs to exchange across the solid-
liquid and liquid-eras interfaces. No definitive data on these processes for PCB
loss are available, but there may be the possibility of exchange mediated by the
partitioning of the PCBs in the complex systems.

One expects some exchange based on previously published
descriptions of apparent losses from natural water systems such as Lake Michigan *• ,
as well as demonstrated losses from 1 per cent pulp fiber/distilled water slurries

O
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in experiments carried out a,t the Jjistitute of. Paper Chemistry, The latter case
showed up to 30 per cent losses from solutions spiked to the 100 ppb concentration.

Quantitative assessment of the evaporative losses from
actual treafanent fâ iijtieq will require application of field sampling techniques
for airborne PCBs which are still in the development stage.

3.3.3 Incineration Losses

Destruction of PCBs by high temperature incineration is generally
regarded as requiring a 2 to 3 second exposure to 2,000°F for "complete" combustion.
Shorter contact times or lower temperatures will not allow complete elimination of
these stable compounds. Specially designed incinerators have been operated by
Monsanto and other firms for the proper rfĉ imarinn Of pcB-containing liquid wastes,
but typical municipal and industrial incinerators will not destroy PCBs completely.

3.3.3.1 Bark Burning

In. those mills which practice barking, the bark is often
utilized as a hog fuel in mills which generate sufficient bark to use it to fire a
boiler for steam generation. Smaller producers of bark may simply incinerate it
along with unsalvageable fiber from other parts of the operation. Like the virgin
wood, bark has a PCB content which is essentially nil and results in an extremely
tiny emission to the atmosphere under these conditions.

3.3.3.2 Sludge, Spent Liquor and Carbon Burning

On an industry-wide basis there has been a drastic decrease
in incineration of these materials. The price of fuel necessary to mix with them
has risen to the point where alternative disposal schemes cost less.

Sludge is dewatered and generally landfilled. Its PCB
content usually ranges from 4 to 25 ppm, the same range exhibited for municipal

(14treatment plants.
as other PCB wastes.

(14)treatment plants. As such, it should be subject to the same careful handling

Spent liquor of ail types is being internally recycled
and refined to reduce the amount of make-up chemical required in the pulping stages.
More and more opportunities are being discovered for converting spent liquors into
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salable by-products or for conversion to other uses inside the plant. These
reasons have led to a great overall reduction of iifj*-»r homing throughout the

industry.

Charcoal burning has been used in a few instances for
the production of carbon. But. the extent is not great and one would expect
volatilization of any PCBs to have taken place prior to such an activity. As in
bark burning, actual measurements of such potential losses are not available.

3.3.4 Solid Process Waste Losses ____ _

The industry exhibits an average process loss of 2 to 5 per cent.
That is, of. the pulp entering the paper machine, 2 to 5 per cent of the fiber by
weight does not get incorporated into the product paper. Tf*g amounts to 40 to
100 pounds of solids per ton of product that will be incorporated into the sludge.
As mentioned in the previous section, the few data for paper mill sludge PCB con-
tent shows it to be in the same range exhibited by municipal treatment plant
sludges. These considerations predict that an average mill with 100 ton daily
production might Tarvwn between 2 and 120 grams of PCBs per day (0.004 - 0.26 Ibs.)

The effective mobility of PCBs in the lan^-Piii situation is not
well described. The EPA Regional Surveillance Program generated 75 samples descri!/̂  j
as leachates. These were all samples where ground water was determined to have had
the opportunity to percolate prior to sampling.

Eliminating three samples known to be directly associated with
highly contaminated industrial sites, the average value for the 72 remaining samples
is 2.8 ppb. It is only 2.8 times the 1 ppb detection limit specified in the EPA
40 CRF PT.136 standard analytical method.

Assuming that i anrif i n a are about 40 to 5" per cent paper, neither
the paper or the sludge would appear to be mobilizing large quantities of PCBs.
In fact, the leachate PCB concentration is indistingm shahle from that of industrial
intake waters reported by the pejjjnnai surveillance Program and described in

Section 3.1. The binding of the PCBs to the fiber may be similar in stability
and strength to their association with soil or sediment particles. PCB mobility
in sediments is reported to be very low. (15»lfi»17) This is thought to be due to
the availability of organic material with which PCBs preferential ly associate.

O
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3.3.5 PCB Concentration in Finished Product

Product concentrations are referred to elsewhere. In general,
PCB levels of current products made with recycled fiber range up to one to two
parts per million. This material appears to be almost entirely due to use of
Aroclor 1242 in NCR carbonless copy paper_prior to the spring of 1971. Levels in
products jippear to be consistently decreasing since .the 1971-72 time frame.

3.4 Monitoring Technology

The study of PCBs within the pulp and paper industry is naturally based
on the data generated by the analytical procedure. At the present time, just as
in the analysis of natural waters for PCBs, there is no standard method for the
analyses of pulps or effluents which take into account the peculiarities of the

matrices involved. For example, in the analysis of pulp or paper, it is absolutely
essential to remove the PCBs from the fiber quantitatively so that .eventual extraction
into an organic solvent such as hexane may be ajomrr|p'l-ign*̂ ^ Removal procedures such
as treatment with alcoholic potassium hydroxide have been used. Application of
surfactants such_as Triton X-100 is_also practical. Having removed the PCBs from the
fiber, it is then necessary to make sure that both forms, the free PCB and the
encapsulated PCB from NCR carbonless copy paper, are extracted into the solvent.

There exists a definite problem with storage of samples prior to extrac-
tion and analysis. Apparently, the organic activity of the bacterial population
immobilizes PCBs in slimes deposited on container walls and fiber. An attempt to
control such losses has been to add formaldehyde to the samples, killing all biotic

(18)activity. This has proven successful in lake and stream waters. '

EPA researchers recommend that the extraction step be performed on a vortex
mij::=r in the original container. This is to give the solvent the maximum opportunity
to react with any of the analyte bound to the container walls. It also will assist
in reducing volatilization losses already shown to be potentially large by the

(12)
Institute of Paper Chemistry. Similarly, it has been recommended that all
transfers of material during the pre-analysis manipulations be kept to an absolute
minimum.
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intercal, ibrations have shown the drastic effects on precision
and accuracy which the mall differences in sample handling .and storage can have.
One IPC study showed 3 laboratories reporting 21.5 ppb, 102 ppb and 130 ppb on a
split -effluent sample. But while other samples showed as large percentage
differences, there was no regularity in the laboratories reporting high or low on

a given sample. IPC and others are working in the vicinity of a 0.1 ppb detection
limit in effluent samples. Most of these intercalibrations took place at concentra-
tions far above the detection limits so noise in the' analysis is small compared to
irregularities introduced by storage and handling.

. Quantitation of the <±romatogram is a difficult process for the complex,
multi-peaked plots given by PCBs. Paper mill effluents often show interfering
peaks caused by non-PCB materials. Recourse to mass spectroscopy analysis, is some-
times necessary to separate these interferents. Some removal is a.m-mpijgherf by
gampie coddation with tfrrrinfimi trioxide, but many peaks can remain and a qualitative
assessment of the chromatogram by a trained person must be employed. The possibility
of mis-identification is real, but the alternative use of the GC-mass spectrometer
is often, too expensive to be considered for routine use.

The continuing decline in PCB concentrations in effluent, sludge and
product will require a continuing improvement in detection limits and sample treat-
insxxw ^̂ n̂rijLCff3̂ ~fl •

A detailed treatment of analytical techniques for PCBs in paper products
and paper min effluents is presented in Reference (12).

-38-



4.0 COST DEVELOPMENT OF PCB REMOVAL FROM PAPER RECYCLING MITT.
EFFLUENT STREAMS ••"•••-..

4.1 Background

The major apparent cause of PCBs in this industry is the use,
until 1972, of Aroclor 1242 in carbonless copy paper. A significant por-
tion of this paper has gone through at least one recycle resulting in the
PCB contamination of the effluents emanating from these facilities.

Three major types of paper recycling mills currently exist
in the U.S. .They are:

(1) Mills producing paper products with deinking process;
(2) Mills producing paperboard from wastepaper; and
(3) Non-integrated mills producing tissue paper from

wastepaper without deinking.

A number of mills in the paper recycling industry are so-called
complex mills, i-e., mills which produce' multiple paper grades. The basis
used for classifying complex mills is the product and process which account
for the largest daily production capacity. Table 4-1 summarizes the
distribution and the production of the paper recycling industry in the U.S.

The general process used in the paper recycling industry is
pulping and deinking (only for deink mills), pulp washing, bleaching (not
for paperboard mil Is), screening and cleaning, and papermaking. PCBs can
be released from the recycled paper in any or all of the above process
steps. The water usage of a deinking plant is large and can amount to 65
percent of the total usage of the entire mill. Water used in pulp washing
is generally done in a counterflow system which allows maximum potential for
water reuse. Some characteristics of the effluent streams are shown in
Table 4-2. Data on the PCBs level in the effluent streams for this industry
are discussed in Section 3.3.

Technologies for the removal of PCBs from industrial waste-
waters were evaluated and described in a previous report. '*̂  Carbon
adsorption in conjunction with pre treatment (equalization and multimedia
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OABLE 4-1

SUfttRY OF DISTRIBUTION AND PRODUCTION
OF TUB PAPER RECYCLING INDUSTRY1

Category

1. Deink

2. Paperboard from
wastepaper

3. Non-integrated
tissue papers
from wastepaper
without deinking

No. of
Plants in U.S.

17

165

Not Available'

Annual
U.S. Production

kkg(ton)/yr

1,000,000 (1,100,000)

6,900,000 (7,600,000)

Not Available9

Annual Average
Plant Pxociucticn

kkg(ton)/yr.

58,800 (64,600)

41,800 (45,900)

11,680 (12,800)2

'Source - EPA reports 440/1-76/047-a and 440/1-74/025-a
2Average of 4 plants
97here are a total of 72 non-integrated tissue mills in the U.S. with total
capacity of 6,300 kkg/day (6,900 tons/day). No information was obtained as
to how many plants actually recycle wastqpapar
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TABIfi 4-2

<r

Category

1. Deink

2. Paperboard from
wastepaper

3. Non-integrated
tissue paper
from wastepaper

EFFIUENT CHARACTERISTICS OF THE
PAPER RECYCLING PIANOS1

_ Effluent Flow Rate _

1,000 1/kkg of product (1,000 gal/ton)

range, 55.5 (13.3) -93.0 (22.3)

average, 74.0 (17.8)

range, 5.0 (112) - 68.4 (16.4)

average, 30.0 (7.2)

27.9 (6.7) - 79.2 (19.2)

53.6

range,

average,

[BOD], mg/1 [TSS],

40 - 197

92

9-82

46

146 - 411

279

45 - 141

97

40 - 83

164

Not available

Not available

'Source - EPA reports 440/1-76/047-a and 440/1-74/025-a.



filtrationl was reu inifcHided as the best raiment remdî a+e for the removal

of PCBs frcm the wastewaters to the 1 ppfa level or below. Cost information
generated in this report for the treatment of pap*8*- reeling mi 11 effluents

is based upon the pretreatment and carhcn adsorption cost curves of Figures 4-1
and 4-2 which were taken from that report. (̂

In the analysis which, follows, we have taken the general view that
sufficient PCBs will be present in solution in the wastewater to warrant considera-
tion of carbon treatment down to the one ppb level. As was di scnssed previously,
it is conceivable that a sufficient fraction of the PCBs present will be removed
with the solids during filtration so that the one ppb can be reached without
resort to- further treatment by ̂ arnnn or any other technique (uv-ozone, etc.) .
Similarly;, we have assumed, for the purpose of cost estimation, an end-of-pipe
treatinent without regard to any treatment (to reach BPTCA, etc.) already in place.
In essence, then, the following should represent a worst-case situation.
• * ••

4.2 Plant PCB Wastewater Treatment

The treatment system designed to remove PCBs frcm wastewater
is capable of handling «TT pngĝ "1** contaminated flows. A schematic flow
diagram for this treatment system is given in Figure 4-3'. "Since there
can be a wide variation existing in these flows, a flow equalization basin
is necessary to provide a near constant flow downstream to any downstream
i ttaaijmatit- unit operation.

In tN̂  eqi'd i i *ar i on basin, suspended oils and immiscible sol-
vents will separate and rise to the surface. Suspended solids will either
rise, fan or remain suspended depending on their Aangi r i ecs and particle
size. It-has been found that suspended solids will absorb PCBs on their
surface and these are removed either in the equalization basin or by the
subsequent filtration. Any heavy material collected from the bottom of
the basin would be drummed and sent to an incinerator for (feo.ino
of PCBs. The floating liquids would be removed by a belt skimmer and
drummed for subsequent incineration, since these oils could contain high

entrations of PCBs. it is assumed that PCBs will enter the equaliza-

O
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tion basin at an unknown concentration and leave it at 200 ppb, and that filtra-
tion will reduce the PCBs level to 50 ppb. Subsequent terminal treatment
systems/ i.e., carhnn adsorption will reduce this PCBs concentration
to 1 ppb or less. Plants which already have treatment for suspended :
solids and discharge less than 50 ppb of PCBs in their effluent streams
may install the rgrrtmn absorption system only.

4,3 Cost References and

- - ihe basic assunptions and rationale employed in developing the
wastewater UtMLutaiL costs in the paper recycling industry for PCB
removal can be summarized as follows;

(1) Costs are developed for "representative plants" rather
than any actual plant. "Representative plants" are

to have a size, age, and wastewater flow
agzeed 'jp̂n by a gnhg^anHai portion of the manu-
facturers in fchiq category. In the absence of such
information., the arithmetic average of pH>'T»f
size and wastewater flow for all plants is used.

/— v
It should be noted that the unit costs to treat ( )
wastes at any given plant may be considerably

*

higher or lower than the representative plant
because of individual circumstances. Extra-
polation of these costs to the entire industry
would very likely be unrealistic.

(2) The costs for the end-of-pipe treatment for PCBs
are assumed to be essentially proportional to the
volumetric flow rate of the wastewater. Ihe treat-

(19)ment costs developed in the previous report v /

jar PCS' irerqpv̂ âre~l̂ gs*̂ T̂  and presented _
in Figures 4-1 an
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(3) Very limited amounts of information are available
frcm this industry concerning the PCB concentration
in the effluent and the kinds of treatment presently
employed. Therefore, the estimated total annual
cost for PCB wastewater treatment of a representative
plant is based on the "worst case" conditions. It
was assumed that "representative plants" employed no
terminal, treatment for PCBs removal and practiced no
segregation of wastewaters containing PCBs from other
in-process use waters.

(4) Costs are developed separately for the pretreatment
and multimedia filtration) and the

adsorption treatment of PCBs.

(5) One capital cost is based on 8 percent interest over

a period of ten years. If the supply of waste paper
with substantial PCB content stops before the ten-
year period is up, the capital recovery cost will
increase substantially.

4.4 Cost Developroent

Three major categories are identified within the paper-
recycling industry (see Section 4.1) . The costs of wastewater treatment
are developed for each individual category. Costs for pretreatment and
carbon adsorption for each category are shown in Tables 4r3 through
4.5. The capital costs, operating and maintenance costs (excluding

power), and power costs are taken .directly from. Figures 4-1. and 4-2
at given wastewater flow rates. Throughout the analysis represented by
Tables 4-3through.5jŜ ~annual capital recovery costs were calculated
based upon a ten-year lifetime and an 8 percent interest rate, consistent

(TQ)
with the earlier reference. ' The capital recovery factor was thus
estimated to be 0.15. All cost estimates contained in this report are
based on 1976 dollars.
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TABLE 4-3

COST ANALYSIS FOR A REPRESEHEVnVE PLANT

CAXQQGRY: Deink Paper Manufacture
PLANT SIZE: 58,800 Metric tons of product/year

FLOW: 8,210 1/roin (2,170 GPM)

Treatment Costs, Dollars

Type of Coat

Invested Capital Costs:

•total
Annual Capital Recovery

Operating and Maintenance Costs:

Annual O&M (excluding power
and energy)

Annual Energy and Power

Total Annual Costs

Cost/Metric Ton of Product

Pretreatment

4,600,000
690,000

78,000

58,000

826,000

$14.11

Terminal Treatment via
Carbon Adsorption

860,000*
129,000

250,000

17,000

396,000

$6.78

Total
Treatment system

5,460,000
819,000

328,000

75,000

1,222,000

$20.89

*Actual costing on a specific mill showed that this amount could be raised by 275% in an
individual case.
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'TABLE 4-4

COST ANALYSIS FOR A REPRESENTATIVE PLANT

CATEGORY: Paperboard frcm Wastepaper

PLANT SIZE: 41,800 Metric tons of product/year
FLOW: 2400 1/roin (630 GPM)

Type of Cost

Invested Capital Costs:

Total

Annual Capital Recovery

Operating and Maintenance Costs:

Annual O&M (excluding power
and energy)

Annual Energy and Power

Total Annual Costs

CostyAfetric Ton of Product

Treatment Coats, Dollars

Pretreatment

1,500,000

225,000

32,000

16,000

273,000

$6.50

Terminal Treatment via
Carbon Adsorption

260,000

39,000

100,000

5,000

144,000

$3.43

Total
Treatment System

1,760,000

264,000

132,000

21,000

417,000

$9.93



TABLE 4*

ui

COST ANALYSIS FOR A REPRESENTATIVE PLANT

r: Non-integrated Tiasue Paper from Nastepaper
PLANT SIZE: 11,680 Metric tons of product/year

FLOW: 1,200 1/rain (310 (2>M)

Type of Cost

Invested Capital Costs:

Total
Annual Capital Recovery

Operating and Maintenance Costs:
Annual OEM (excluding power

and energy)
Annual Energy and Power

Total Annual Costs

Cost/Metric Ten of Product

Treatment Costs, Dollars

Pretreatment

860,000
129,000

19,000

8,000

156,000

$13.36

Terminal Treatment via
Carbon Adsorption

140,000

21,000

60,000

2,600

83,600

$7.16

Total
Treatment System

1,000,000
150,000

79,000

10,600

239,600

$20.52
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A summary of cost estimates for PCB removal at different in-
put PCB levels is~ given in Table 4H5T~ A summary of total capital invest- ____
ment cost information for PCBs from paper recycling mill effluent is given
"in Table 4-7̂  Basedljpon'the information̂ ccn̂ ned'in this_Jj*Kiê  this __
industry, as a whole, would have to invest up to an estimated maximum of
$366,700,000 to achieve a PCB limitation of 1 ppb in their wastewaters.
There is also an anticipated $94,120,000 of annual treatment cost for the
removal ~pf P̂ Bŝ frDm̂ tid̂ industrŷ  TaSle 4'-8'is a sumiary of "the~ trea.tr-
ment cost of PCB removal. The estimated annual treatment costs correspond
to a three to five percent increase in the selling prices of products frcm
this industry.

Depending on the amount of pretreatment required to decrease
the suspended solids to a point where fouling of the charcoal beds could be
avoided, costs could escalate, severely. Such would be the case for effluents
from deinking operations where fines loading can be heavy and particle sizes
quite small.
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TABLE

STJMMARY OP ESTIMATED QBBCN ADSORPTICN
COST AT DIFFERENT- INPUT PCB LEVELS

O

[PCB] Input
..(ppb)

50

40

30

20

10

5

Estimated Annual Carbon Adsorption Costs
$/kq of PCB Removed ($/lb)

Deink

1,870(850)

2,350(1,070)

3,160(1,430)

4,820(2,190)

10,200(4,620)

22,900(10,400)

2,330(1,060)

2,930(1,330)

3,940(1,800)

6,020(2,730)

12,700(5,770)

28,600(13,000)

Tissue

2,730(1,240)

3,430(1,560)

4,610(2,090)

7,030(3,190)

14,800(6,740)

33,400(15,200)

O
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TABLE 4-7

SUMMARY OF CAPITAL INVESTMENT GF PCB
REMOVAL FRCM PAPER RECYCLING INDUSTRY

Deink

Paperboard
wastepaper

Non-integrated
tissue paper from
wastepaper without
deink

Total

Total Capital Investment
in."Industry, * Dollars

Pretreatment r-arnrm. Adsorption Total

78,200,000 14,600,000 92,800,000

247,500,000 6,440,000 253,900,000

17,200,000 2,800,000 20,000,000

342,900,000 ' 23,800,000 366,700,000

lAssume all plants in each category have production rates similar to
the representative plants.
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Category

Deink

Paperboard from

Non-integrated
tissue paper from
wastepaper without
deinking

TABLE 4*8

SUMMARY OF COSTS OF PCBs REMOVAL
FROM PAPER RECYCLING INDUSTRY

Total
Annual Costs

($/kkg of product)

20.89

9.93

Present
Selling Price

($/kkg of product)

440 - 550 >

220 - 3302

Annual Cost as
percent of .
Selling
Price

3.8 - 4.7

3.0 - 4.5

Total11
Annual Cost
In Industry
($/yr)

20,900,000

68,500,000

20.52 Not available3 Not available9 4,720,000s

Total 94,120,000

'Personal ocmrunication between C.V. Fang & Mr. Zamzag - Bergstron Paper Co.
2Personal ocnnunication between C.V. Fang & Mrs. Pell - Montveil Paper Co.
3Not available at the present time. Potlatch Corp. will forward this information in the future.
""Total annual cost . s obtained from multiplying total annual production by annual unit cost.
5Assume 10% of the total U.S. tissue production is attributed to this category.
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5.0 MODEL OF PCBs INVOLVEMENT IN THE PULP AND PAPER INDUSTRY

5.1 Purpose and Objectives of Mndet Developnent

Although it is generally agreed that the major input of PCBs into the

paper industry has been through recycling of NCR carbonless copy paper (and this

view is strongly supported by evidence presented previously in this report),

there are a number of questions concerning PCBs in this industry which have not

been answered:

(1) How long will PCBs from NCR paper continue to cause

significant product levels of PCBs?

(2) Hew long will paper mill effluents continue to exhibit

PCB levels of significance?

(3) What are the chances for "hot spots" of PCB levels in

products and effluents due to loyally high concentrations
of NCR paper in recycled fiber?

C4) Are PCB levels in intake water significant at present in

comparison to levels frcm NCR paper, with regard to

product and effluent levels?

The purpose of developing and exercising a model of PCBs involvement

in the paper industry was to obtain the best available answers to the above

questions. By necessity, the model *-aVeg a simplistic material balance form;
the major limitation of the utility and accuracy of the results obtained arises

from the almost complete lack of data on process stream PCB levels and the extremely
limit-ed set of data concerning effluent and product concentrations of PCBs.

However, the model does appear to be consistent with available information and

does predict the PCB concentrations in various paper products and in the effluent
water from paper processing plants in terms of the amount of input PCB accepted

with the raw material and contained in the intake waters.

The effluent prediction is based on a constant distribution factor be-
tween the product and the effluent. Data available on sludge, effluent and pro-
ducts place this distribution coefficient in the vicinity of 1:1000, effluent
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to product. The actual PCB concentration in the. effluent entering the receiving
stream will reflect the treatment process at a given site.' With a more rigorous

to the distribution coefficient, one would be able to narrow the limits
of predictability considerably. We have ̂i™** at the center of the array in order
to maintain a *"*** to "average"' conditions.

At all times it is realized that the model is only a general one; no
attempt has been made to apply it to a particular mill. A simple mass balance
calmlarinn with known PCB inputs, water flows and production outputs would be a
straightforward task, for a given site.

The model does show that a mill which accepts NCR carbonless copy or
converter scrap, has poor suspended solids removal and has a high PCB level in
its intake water might be capable of producing a high PCB effluent as a local
"hot spot1*. Present values for recycled wastepaper̂  ̂indicate tftis_3akeli-
hood to be nnnKnnany decreasing. However, the expected frequency or severity
of hot spots cannot be fully addressed because of lack of data.

5.2 First Order MndeT. of Paper Industry

5.2.1 Assumptions f*~*\

The model is based upon the following assumptions;

11 The two primary sources of PCB to the paper industry
are:

a) NCR carbonless copy paper made between 1957 and
1971 and its associated converter scrap at 3.4%
PCBs by weight; and

b) 'The PCB load of the intake waters, taken to
average 0.1 ppb.

2) A secondary source is PCBs already existing in recycled
paper due to la and Ib above.

3) The routes of PCBs out of the paper industry are limited
to:

O
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al Product
b) Effluent
c) Sludge and other solid wastes" (or process_los5)
d) Evaporation

4) Most of the PCBs in the paper industry remain associated
with the fiber, either as product or as sludge. This
appears to be due to the presence of PCBs in microspheres
used in the NCR paper plus the low solubility of PCBs in
aqueous solution and its preferential association with
surfaces and organic rich interfaces. In some cases PCBs
found in industrial effluents are almost quantitatively
associated with the suspended solids.

51 Evaporative losses of PCB will depend to a great deal on
the integrity of the capsular form. Industry experts have
been quite unanimous in their agreement that capsular
breakage would be small. The evaporative losses intimated
by some of the mass balances attempted at the Institute of
Paper Chemistry are very small compared to the amounts of
PCB moving through the systems. As a result, we have
chosen to neglect evaporative losses in the treatment of
the model since any assessment would be fragmentary at best.

6) Contributions of PCB by inks or adhesives are negligible
and not considered to be large enough to affect even a
locate distribution. Based on the estimation presented
in Section 3.1, the upper bound of PCBs into paper products
other than the NCR paper appears to be on the order of
50,000 to 100,000 pounds, much less than one percent of
the total PCBs usage in the NCR paper during the same
time frame. Thus, non-NCR PCBs should be negligible with
regard to the model.
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7) Prior to 1957, when NCR carbonless copy paper was intro-

duced, the PCB content of paper products would have been

controlled by the PCBs carried with, the intake water. The

effluent would have been cleaned by the passage of PCBs

from the water to the fiber during the pulping and paper

making process. Total transfer for a typical process would
have produced a paper with a PCB concentration of 0.02 ppm.
Bage»3 en this cTiŝ  ̂e-rq-h fan t and the realization that pre—

" sent day detection limits for PCB in paper are in the
vicinity of 0.1 ppm, the model has been exercised neglecting
the intake water contribution.

8) The two routes for PCB return, on NCR paper are:

a) As part of the recycling waste paper stream in
"mixed1* or deinked grades of paper stock.

bl As converter scrap purchased by mills that use
it as furnish (raw material) .

Other aagmnpfrinn» or Mp*i*?'i,f1c decisions made in developing the
model will be indicated at the point where the information is used or the C j
erjia-hinn.

5.2.2 Model Structure

The first order model is an overview of the industry as a whole.
Mass balance considerations are utilized to develop a "one-box" representation.
Such a treatment avoids the complexity of the actual recycling web, and applies

the limi-t-ed data on PCS concentrations of waters, product and sludge to produce

a first look at the time rate of change of 13 levels in average product as a
result of the growth and eventual cessation of NCR carbonless copy paper in the
recycled waste stream. This admittedly simple approach serves as a foundation
upon which to further divide the industry, as well as providing a qualitative
validation of many of the accepted descriptions of PCB occurrence within the
industry.

O
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Figure 5-1 shows a schematic representation of the first order

paper industry model, where:

ECt) - evaporative losses of PCB. These losses are yet to be assessed on
an industry wide scale, but early indications are that they are
not dramatic. Any such losses would have the effect of lowering
product, effluent and sludge PCB concentrations, but would not
change the relationship between these.

VCtl - input of virgin wood pulp. Virgin wood has been found to be
relatively free of PCBs, but may pick up some from the water used
in the pulping stages.

W. (t) - intake water. Census Bureau data for total water usage are reliedin
on. The typical intake water PCB concentration is taken to be 0.1
ppb. This value is probably an upper bound on a natural water
and nonetheless turns out to have only a small effect on PCB con-
centrations found in the paper industry.

SCt) - sludge output. This is the amount of process loss going to sludge.
It is inferred that sludge output is proportional to the production
rate and has the same concentration of PCBs as the product.

R(t) - amount of paper stock being recycled. The average lifetime of paper
products is taken to be 1 year before recycling. Hence the concentra-
tion of PCBs in the paper stock is assumed to be that of the previous
year's product.

WQutCt) - effluent water. It is generally held that PCBs in the effluent are
strongly associated with the suspended solids. In the present case
the effluent can be considered what might typically remain after
primary treatment, removal of settleable solids and sane suspended
solids. How much removal occurs in an actual mill will depend on
the type and amount of treatment available. It has been assumed
here that the effluent PCB concentration is proportional, to the pro-
duct concentration. The constant of proportionality would depend
on the treatment system efficiency for solids removal. But in
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any case, the effluent concentration predicted by the model gives
an i/3eq of the PCB which, might escape into the environment with-
out further consideration and treatment.

P(t) - annual production of the industry.

NCtl - PCBs introduced to the paper industry as a result of NCR carbon-
less copy converter scrap and recycled used sheets. While NCR
production figures for carbonless copy paper and its PCB content
are known, the amount recycled from office and other commercial
institutions or from converting operations can only be guessed
at. Converter scrap varies between 10 and 15% (15% was the figure
used in an A.D. Little Paper Industry study) for printing and
writing grades.̂ ^ However, much of this scrap was recycled
in-plant, back into NCR carbonless forms - this amount could not be
estimated by personnel at Mead (the manufacturers for NCR). Shade
Information Systems, Inc., a converter of carbonless and a supplier
of post-consumer office waste, in testimony before the Department
of Natural Resources in Wisconsin, estimated that 10% of all office
waste is presently recycled, that of this recycled paper, 10% came
frcm. old files and 90% from yearly usage, and that the average life-
time for files is three years. '

According to Mr. Ed Nastar of the International Business Forms
Association, the major uses for carbonless paper are in invoices and
customer statements with tax forms using a lesser amount. If one
extends the Shade estimates to include commercial establishments like
stores with offices then one can use the same estimates for carbon-
less paper: 10% wf each years production is eventually recovered with
90% of that recovered coming from the previous year and the other 10%
coming from old files with a three year half life. These estimates
are used in the model. (To show the sensitivity of the model to the
NCR recovery rate a 20% figure will be presented). Table 5-1 shows
NCR production from 1957-1971.
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Table 5rl

Year
1957
•1958
1959
I960
1961
1962
1963
1964

1965

1966

1967

1368

1961

1970

1971
1972

19-73

1974

1975

•• • •*•—»• • • ' • "™r.f " ••!. •"

PCB in NCR Paper Manufactured
(JO Pounds);.

58,7
77.9
101.9
114.9

164.3

195.3

228.1

270.5

348.9

424.6

435.5

580.1

627.8

661.1

126.6

0
0

0

0

O
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Since the amount of old NCR carbonless recycled into the in-

dustry can only be estimated and few measurements on other than recycled box-

board exist by which to validate the figures, the exact levels 'predicted by the

model should be regarded with caution. Nonetheless, the model does reflect the

trends and dynamics of PCB involvement in the industry.

The PCB mass balance equation for the First Order Model is

written:

RCt}CpCt-l)-«I(t)-Win(t)Cwin(t) =

PCt)Cp(t)-HS(t)Cp(t)4Wout(t)Cwout(t)

where:

CpCt) = PCBs concentration in product for year t.

Cw. = PCBs concentration in input water (taken to be 0.1 ppb)

Cw Ct) = PCBs concentration in effluent = X Cp(t) where X is a
constant dependent on the level of suspended solids.'

In EPA data ' p* the suspended solids are shown to range from 500 ppm in

non-dei nked paper mills to 1700 ppm in deinking effluents. Considering that the
best available technology is not uniformly used now or in the past, 1000 ppm is
assumed for a suspended solids load, and the model is exercised with X at

From John Strange Paper Co. data a X of ,QQQ was obtained while Ft. Howard inform-
tion indicated X at . to

and: S(t) , the sludge output is taken to be proportional to P(t) . That is:

S (t) « C (t) , where C is the proportionality constant.

A value of 4.5% was chosen for £, based on previously reported data for
(22)

process losses.

Rewriting the previous equation,

R(t)Cp(t-l) + NCt) + lO^VCt) = Cp(t) [0.955 P(t) + l
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As a simplistic first exercise - assume X =» 0, i.e., all PCB is
retained by the product. Let the NCt) assume three cases:

A_ - 10% recovery

- 15% recovery (10% recycle + 5% converter scrap)

- 25% recovery (20% recycle + 5% converter scrap)

Figure 5-2 shows the PCB concentration in the product for these three different
ary rates. The NCR production is also plotted as a reference to show the

roll-off of the curves.

obvious is the HjT'iajjtv and quantitative relation
between the NCR recovery and PCBs in the product. Product levels rapidly fall
below the 1 ppm level by 1973 or 1974, so that input water concentrations (Ŵ t) )
appear to be completely dominated by the NCR contribution.

Further insight is gained if the data of A__ (15% recovery) are
plotted again with R(t) =* zero; that is, if there was no recycling of product back
into the paper stock input. Figure 5-3 shows the result of this exercise. For the
overall industry under these conditions, 15% NCR recovery appears to be responsible.̂ -̂
for about 83% of the PCB in the product. However, if broken down further, specif
segments of the industry which utilize a large proportion of wastepaper in their
furnish would be expected to exhibit a larger dependence on the PCBs recycling to
the paper stock input.

The effect of process loss to sludge is easily demonstrated in a
rahnlar format. Table 5-2 shows the 15% NCR recovery data now allowing R(t) to
operate (i.e. , recycling to paper stock) and \ values of 0 (plotted in Figure 5-2) ,
10~3, and 2 x 10~3. According to the data on Table 5-2, a X of 10~3 (ratio of
PCBs level in effluent to TSS level in effluent) decreases the PCBs levels in the
product by only about ten percent from those at zero PCBs in the effluent (X =» 0) .
A further reduction of six to ten per cent in product PCB levels results from
application of X =» 2 x 10~*3. As further internal reuse schemes for white water
proliferate a continuing decrease would be expected in both suspended solids and
X. All peripheral factors point to a continuing association of the majority of
PCBs introduced into the system with the product.

O
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Table 5-2
PCB CDncentration in Product (pgml

Year

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969.

197Q

1971

1972

1973

1974

1975

X=0

0.48

1.58

2.15

2.66

3.20

3.96

4.58

5.04

5.68

6.76

7.69

.8.08

9.18

10.20

8.03

2.83

0.86

0.45

0.33

X=10~3

0.43

1.41

1.93

2.39

2.88

3.58

4.15

4.59

5.28

6.21

7.04

7.42

8.46

9.40

7.40

2.61

0.80

0.42

0.30

X=2xlO"3

0.39

1.27

1.75

2.16

2.62

3.26

3.79

4.20

4.85

5.72

6.49

6.86

7.85

8.72

6.86

2.43

0.74

0.39

0.28
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This general overall look at PCBs demonstrated the following:

a] A 1970-71 peak in product PCB concentrations corresponding
to nvsdjram PCB usage in NCR paper plus a one-year or less
delay in reaching maximum PCB levels in the recycling stream.

bl With, the cessation of NCR production the drop off in pro-
duct PCB was rapid. Different specific industry segments
would show a different drop off rate (this is investi-
gated with the second order model).

c) Using reasonable choices for the adjustable constants,
the major source of PCB is the NCR carbonless paper's
direct input to the industry. Further recycling of
paper contaminated by recycled NCR input has a relatively
»«*ii effect on the concentration observed in the paper
product.

d) It is difficult to assess the quantitative effects of
such, industry responses to the PCBs problem .as elimina-
tion of deinking grades as furnish for food board. There
is no doubt that within a specific segment of the in-
dustry such activity was beneficial. In the overview
of the first order model, however, these effects cannot
be separated out. The model as developed exhibits an
overttielming response to the NCR carbonless recovery
rate which would inundate any analysis of a finer internal
structure.

5.3-- Second Order Model of Paper Industry

5.3.1 Industry categorization for Second Order Model

The obvious industry categorization useful to a more detailed
industry analysis is paperboard;- paper; and construction paper and board. The
latter segment includes portions which use 100% recycled paper stock (construction
. paper) and others which, use little, if any, recycled paper stock (construction
board) and can be further subdivided on this basis. Figure 5-4 shows schematically

O
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Figure 5-4. SCHEMATIC OF SECOND ORDER MODEL
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the five categories selected and the flows of products returning to these industry
segments in recycled waste streams as well as other inputs, products, and dis-
charges. Figure 5-4 is thus essentially a schematic diagram of the second order
model. Annual production data, from 1257 through. 1974 for each of the five
industry segments are presented on Table 5-3.

Segment I, paper, has a product output approximately equal to
the sum of segments U, OX, and 17. This should be remembered when one assesses
the total load of PCB associated with the production of a given segment. The
load will be PCB concentration ̂ meg the output.

Segment, U, combination boxboard and chipboard, is based on a
raw material which is 100% recycled. Historical PCB data (back to 1971} exists
for combination boxboard. Almost all of the deinked paper stock (ledger grades)
went into box production prior to 1971; also, most of the mixed grades and pulp
substitutes went into box production. As a result, most NCR paper entering the
general area of paperboard would probably wind up associated witn comoination
boxboard and chipboard. Chipboard is included since sufficient data were avail-

/̂ •j\ __ _ _ _______ _ _____ _ _ ______ _ . ___ _ „ __ __
able on this category, v ; but chipboard is less than 10% of this segment's
total output.

Segment: HI contains those items which are primarily made from
virgin wood or recycled product from Segment HI.

Segment V, construction board, uses all virgin wood and is not
recycled.

Segment IV is a composite segment, the components of which have
the following characteristics:

a) All use a high percentage of mixed waste which could
mntain NCR sheets.

b) Many iifrv'ftyt'g a Tie î ped in building a_TT * '"a '̂i/TV* Which

precludes their entry into the recycled waste stream.

cl The tube, can and drum component is not lively to be
recycled, though 'it has an open usage different than

building materials.
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Table 5-3

Year

1957
1958

1959

1960

1961

1962

1963

1964
1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

*«•>••• WVB^M_> A*

I

Paper

13.6

' 13.5

15.0

15.4

15.7

16.5

17.3

18.2
ia.2
20.7

20.9

22.4

23.6

23.6
23.8

25.4

26.5
26.9

II
Combination
Boxboard

&
Chipboard

3.9

4.0

4.2

4.2

4.3

4.3

4.4

4.5

4.7

5.0

4.1

4.4

4.3

4.1

3.8

3.9

4.0

3.5

^ J ••» M _^ •«•••• ̂ Ŵ '_̂ » ̂  ™__»^™P J-

HI
Containerboard

8.9

8.8

9.8

10.3

10.9

11.6

12.2

13.4

14.4

15.9

16.5
18.4

20.0

19.7

20.3

22.4

23.3

22.2

IV
Construction
Papers and
Others

2.7

2.8

3.1

2.8

3.0

3.1

3.2

3.4

3.5

3.3

3.1

3.5

3.5

3.5

4.0

4.3

4.3

4.2
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5.3.2 Equations

The. -gajiyei definitions of tenns hold for the second ( )

order model as for the first order model (see Sec. 5.2.2}, applied on a segnent-
by-segment basis. In addition, the second order mndpl uses superscripts to
denote 33gocia*"frm with, a particular industry segment. Other symbols used are:

a)
r
ai

Ct) 5 PCB ttration of virgin wood in industry segment 1.

Ct) = PCB concentration in aqueous solution of effluent.from segment 1.

The following are based on our assumptions:

c« (3> c/4' ct, C5) = o

- Cwin(3) <« ' CwinC4) <«

CtJ - Ct) (t)

and,

C2)
"wout C (t)

C5)
'wout xs c (t)

where X's are constants.

Since newsprint contains little if any PCB,

N(3) (t) s o

Prior to 1957,

N(5)(t)

o>- Cp^ Ct) - C
w' Ct) = C w Ct)

After 1957 one has these 5 unknowns, and the following 5 equations:

O

O
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(11 Nai (tL+[.70RaiCtLC ai Ct-l)+0.05RC1) (J_1C C31 (t-ll+.25Rai Ct) CO)]* P p J

C2} NC2) (t) + fo.!5RC21 (t)C C21 Ct-l)+0.20RC21 (tlC ai Ct-
l p p

G*» /_,_i^-i_n oenV-Z) ,^ «j»J

Ct) ] cp
C2) (t)

CBiis holds until 1971 at which time the paperboard segment greatly decreased their

usage of recycled paper. Thus, the coefficient of 0.20 for the paper portion of

the paper stock input is taken to be zero for years after 1971.)

(31.

C41 NC4) (t) + [o.35RC4) Ct)Cp
(1) (t-l)+0.40RC4) (t)CD

(3) (t-l)+0.25R(4) (t)

-ll] = [PC3) Ct)+S(3) CtHXjW^01 (t)] C C 3 ) (t)

(51 o = [ P51 Ct)4SC5) Ctl+XjW^^15' Ct) ] d C5) Ct)

Notes:

(a) Fran equation (5) C (5) (t) = 0 f or all (t) .

(3)
(b) From equation (3). C (t) = 0 for all (t) . .

Cc) All X's are from .001 to .002. This allows us to ignore X terms since they
are so much smaller than the P(t) and S(t) terms.
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Substitution yields;

Fran equation CD (~j

Na) Ct)0.70Cp
ai Ct-l)R(1) (t) =[pa) CtJ-rS00 Ct)] C C1) (t)p

From equation (2)

N021 Ct)+[o.20Cp
(1? Ct-l)+0.15Cp

C2) (t-lj| R(2) (t) =[pC2> (t)+S(2) Ct)] Cp
(2) (t)

(The 0.20 constant drops to 0 after 1971 as noted above)

From equation (4)

N(4) (t)+0.35R(4) (t)C C1) (t-1) » fp(4) (t)+SC4) (t)lc (4) (t)
P L -I P

Equations (3) and C5) are negligible, based on Notes (a) and (b) above.

5.3.3 Quantitation and Exercise of the 2nd Order Model

McLenahan's study of 1969-1970 paper stock usage was used as the
basis for quantitating the model. ̂ ' This extensive study accounted for over 90%
of the wastepaper stock usage. It also tabulated the paper stock by type and
associated that with its end use. A number of other studies have since been based
on these figures; utilization of these data thus keeps the model on a somewhat
par-ailei footing for comparison with the other studies.

The second order model is a good deal more complex than its
predecessor in Section 5.2. To explore the effects of recycling on specific
segments of the industry it was necessary to subdivide the industry into identifi-
able sectors. This necessitated developing a reasonable set of criteria for
touting the recycled paper between these sectors.

O
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The following aAq-i-r-fonai assumptions were made:

1) Paper products produced one year are considered to be recycled the next.

2) The paper stock percentages of various inputs were taken to be constant

over the period 1957 to 1974, except in the combination boxboard and chip-

board category after 1970. In this category, industry reaction to PCB in
food packaging and the eventual FDA 10 ppm limit is reflected.

3) Each segment's percentage of the overall paper stock usage is constant
from 1957 to 1974 using the 1969 percentage. The model is quite in-
sensitive to changes in this parameter.

41 Recycled newsprint is considered to be PCB free. Newsprint is produced

primarily from virgin fiber, and the only paper stock used in newsprint
is other newsprint. Consequently, no PCB from NCR paper should be intro-
duced into this segment. Measurenents by Hazleton Laboratories in 1972
confirm low background values of PCBs in newsprint.' '

Since newsprint is only a small percentage of paper output it was not set

aside as a separate category. However, newsprint is a sizeable fraction
of the recycled waste stream and here it was accounted for separately.

5) Containerboard uses very little paper stock, and what it does use is old
containers or container clippings. (This excludes gypsumboard, chipboard,
and recycled tube, can and drum segments). We therefore approximated
paper stock in this subcategory to be 100% container. This implies that
containp.rfaoard will be PCB free.

6) As before, process loss to sludge was assumed to have the same PCB con-

centration as the product. The process loss estimates are those previously
published for 1970. <22)

7) Bureau of Census data was used to obtain values for total paper stock
recycled.

8) The model is very sensitive to the total amount of NCR carbonless copy paper

recycled into the industry, and to its distribution within the industry. Un-
certainties in these affect the details of the model, but not the general
trends.

-75-



9) Virgin wood contains negligible PCB.

10} PCB concentration of input waters is taken to be 0.1 ppb. X"~N

111 Evaporative losses are not considered for the reasons given for the first
order Tnrrfei exercise in Section 5.2.

12) The "mixed" category of waste paper includes fl and 12 mixed, super mixed,
boxboard clippings and mill wrappers. The amounts of each going into "mixed"
in 1969 was investigated by other workers. ' Paper stock dealers inter-
viewed indicated that "mixed" paper was usually office waste with the follow-
ing -̂ îMiTiKinmty ui_nxajit" i on :

Chosen for
Range C%) Model

Cartons 0—15 10
Newsprint 10-25 20
High-Grade Printing & Writing * 60-90 - 70

13) The loss of PCBs in solution in effluent waters is assumed to be negligible
to PCBs ̂  sffy * * •***3id with the suspended solids.

The model is exercised for two distribution schemes for NCR paper as follows:

a) The NCR received in a given year is assigned to be 5% of the converter scrap
from that year's pir̂ .r**̂ " and 10% of the post consumer wastepaper. Of the
post consumer waste 9/10 came' from the previous production year and 1/10 came
from years prior to that.

(A three year half-life with exponential decay is postulated for the post
consumer waste NCR paper which is recycled more than 1 year after being
produced. This assump*-i«" is significant only after 1971.)

All of the 5% NCR converter scrap is assumed to go into the paper segment
of the industry. The combination boxboard segment rejected it due to a

The recovered post romsû r NCR was distributed according to the percentage
of printing and writing paper being recycled within each segment. 70% of



the mixed category was taken to be printing and writing paper except
within boxboard paper stock where it is estimated that 50% of the mixed

was actually boxboard clippings. About 2/3 of the deinking category is
taken to be printing and writing paper. The final breakdown of NCR in

the paper stock for each segment thus beccmes:

PAPER - 5% converter scrap
3% post consumer

CCMBINAnCN BOXBQARD AND CHIEBQAPD - 3.5% post consumer

CCNSTEUCnCN PAPER - 3.5% post consumer

After 1970 the combination boxboard segment drastically reduced the use of

ledger grade papers and some pulp substitutes. This was Industry's response
to eliminate NCR from inadvertently contaminating the foodboard grades. In
the model, the NCR entry figures for that segment are adjusted to reflect this
industry action. The NCR going into the paper segment may have increased its
percentage of NCR received as a result. Though this is not entirely clear, it
has been included in the second exercise of the model.

Figure 5-5 shows the response of the model. The rapid decrease in segment II

PCB levels after 1970 is evident. Concomitant reductions occur in segments I
and IV. While the latter two reflect the loss of the NCR carbonless copy
paper production, the former shows cessation of PCBs usage by NCR as well as
arMi-Hopa] reduction caused by the industry action.

A second exercise of the model, shown on Figure 5-6, is made on the assumption
that 10% of the returning NCR is sent to the paper and boxboard segments
based on the use of deinking stock. The paper segment has not used mixed
grades and boxboard officials state that their product has not used mixed grades,

(20 23)although several references indicate some usage. ' The second exercise is
performed with the assumption that -tile boxboard segment (II) does not use mixed
grades, ether than boxboard clippings.

10% recovery of wastepaper is calculated at 9% the year after production, and
1% thereafter Fwger^ on the 3 year half—life riei-/~yi"Ka<̂  earlier.
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The post-1970 reduction of NCR into the combination boxboard segment is
The pj<l!y?̂ ffn in ledger* nrâ e usage by boxboard is assumed to

have been by half in 1971 and complete stoppage thereafter. If the ledger
stream might have diverted to the paper segment upon its rejection by the
boxfaoard (segment U) , the effect this would have had on the paper PCB is
shown by a dotted plot from 1971 on in Figure 5-6.

Overall, we see the same general trends in both exercises
(Figures 5-5 and 5-6) . The routing chosen for the returning PCB in the NCR paper
effects the details of the product concentrations, as does the relative size of
the production output within each segment.

In each scenario, the primary removal of PCB containing NCR from
production allowed a return of every segment to pre-1957 PCB levels in the products
by 1974 or 1975. This trend is reflected in the decreases shown by available data
in Table 3-2. The decreases documented are of the same general magnitude as produced
by the model. Data on "recycled wastepaper input11 (6) has reflected a drop to 0.15
ppm in 1976, which is near the detection limit of the analysis for PCS in paper
products.

5.4 Discussion of Model Results O
The results ob̂ a-fr̂ er̂  fft»n exercising the Ttrvtoi shew clearly the over-

whelming dependence of PCB levels in both product and effluents upon the NCR paper
content of recycled fiber. According to these results, product levels of PCBs
resulting from the NCR paper should be less than one ppm by the present +••»*» (1976)
with the possible exception of the <yiiibination boxboard and boxboard segment, and
of course, excepting localized hot spots caused by inclusion of small amounts of
NCR paper in the fiber recovery stream. This result agrees with recent analytical
results on PCB levels in paper industry products. Product levels, effluent levels,
and frequency and severity of hot spots should continue to decline slowly as the
PCBs in paper products are diluted further with virgin and less contaminated
secondary fiber.

The ratio of PCBs concentration to TSS in the effluents had little effect
on product levels, as would be expected. Values of this ratio in the range of

-80-
O



0.001 to 0.002 appear to be consistent with available data on both effluents and

products. This result indicates that most of the PCBs entering the process exit

in the product and thus generally agrees with the analysis of Section 3.

The overall agreement of the results obtained with the model tend to

support the various ascriptions made. Agreement is reflected by comparison with

available, data on both product and effluent PCB levels. Thus, the model as pre-

sented does appear to represent a reasonable and consistent material balance for

PCBs around the paper industry.

A distribution for incoming PCBs between product, effluent, and waste

treatment sludge can be cal oil ated based on the results of the model. Using

the following values:

(1) PCBs level on product = 1 ppm of solids

(2) PCBs on solids in wastes = 2 ppm of solids

(3) 90 percent removal of solids and PCBs in wastewater treatment

(4) 135 ppn suspended solids in final effluent

(5) 0.27 ppb PCBs in final effluent

(6) Zero loss through vaporization

The results obtained are:

Plant Percentage of Incoming Weight of PCBs Level Solids
Stream PCBs Con***!™** Therein Stream* in Stream Content

Product 75-80 1 kkg 1 ppm 95-96%

Sludge 18-20 0.6 kkg 0.4 ppm 20-30%

Effluent 2-3 100 kkg 0.27 ppb 135 ppm

* Based on one kkg of product.

The results obtained indicate that on the order of 75 percent of the

PCBs entering a paper mill exit associated with the product. The values

selected probably represent more of a "best case" situation for a recycling

plant than a typical situation within the industry. The PCBs distribution should

vary from plant to plant and from product to product, but should not be nearly so
widely variable as suspended solids or PCBs concentraticns , which are known to

fluctuate widely from day to day in a given plant.
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6.0 OCNCLDSICNS 1

The following conclusions are baĝ  on the evidence nr*>efg>nfoyi in *****
report*

(1) The recycling of NCR carhmlesn copy paper was and still is the
only major source of PCBs into the paper industry.

(2) PCB levels in paper products have been decreasing since 1972 and
apparently will continue to decrease under the influence of con-
tinued dilution of PCBs fron recycled NCR paper.

(3) PCB levels in effluents frrm paper ̂11 a utilizing reclaimed
fiber have been decreasing in recent years, and will continue to
AaKTreage, <3ne to rierrroâ aed PCB levels in reclaimed fiber plus
application of wastewater treatment technology.

(4) PCB levels in sludges resulting from wastewater treatment may
be as high as 10 - 20 ppm. Disposal of such material should be

cfbrmed with care.

(5) Application of narhnn adsorption as an end-of-pipe method for
PCBs removal from wastewater in the paper recycling industry
could increase product prices as much as three to five percent.

(6) The proportions of PCBs present in intact mLczoballoons in paper
products and in paper industry wastewaters are not known. General

are that n*'*"1* l̂ iBff in ***** industry are encapsulated
than are "free" (released fron* mirrp-fcai inonq pi nq other sources) .

(7) The w*»l generated to define PCBs involvement in the paper
industry represents a req,qr̂ paKie and consistent T̂ rtyr**̂  balance
of PCBs input and output in +**** industry.

(8) According to the model, PCB levels in products and effluents are
sensitive only to the paraneters associated with recycle of NCR

COPV p^P^r O?n ̂ a^n *rvj 'IX Va -

O
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(9) The product PCB levels obtained fron exercise of the model agree

well with available data; the results indicate a steep drop-off
following cessation, of PCBs usage by NCR and a continuing, but

less steep, decrease thereafter. Current product levels are in
the one ppm range (recycled fiber).

(10) Within the limitations and assumptions of the model, on the order

of 75 percent of the PCBs entering the papermaking process exit
associated, with the products.
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Table I. Relative (M - \ Y Peak Heights Obtained from
the Reaction of OH' with Equimolar Mixturci of
Aromatic Compound*"'1'

molecule

toluene
m-xylene
mesitylcne
2-methylthiophene
2,5-dimethylthiophene
thionaphthcne

• All values t 20%. b

tylene= 1.0.

peak peak
ht. molecule ht.

0.4 ethylbenzene 0.5
0.8 isopropylbenzene 0.2
1.0 n-propy (benzene 0.8
0.4 jec-butylbenzene 0.5
0.5 /i-butylbenzene 0.9
0.2 3,4-dimethylcumene 0.9

Normalized to m/e 119 from mesi-

drogcns for any homologous series and the length of the alkyl
side chain, at least for the tlrst few family members. For
example, compare the series toluene/ni-xylene/mesitylene,
isopropyl- and sec-butylbenzene with n-propyl- and n-bu-
tylbenzene, the series ethyl, n-propyl-, n-butylbenzene, etc.
It must be emphasized that the MS 1073 is not designed for
competitive kinetic studies, so that these preliminary data can
be considered only qualitative at best. However, they do
indicate that the relative sensitivities for low-boiling aromatics
essentially do not differ by more than a factor of two or three,
and there is some evidence that the response may flatten out
as the molecular weight increases, probably reflecting a
collision efficiency for proton abstraction approaching unity.
A comprehensive study of the rates and mechanisms of OH"
reactions with heavy aromatic derivatives is being undertaken
at NBS using ion cyclotron resonance mass spectrometry, and
hopefully these future results will provide definitive infor-
mation concerning possible quantitation of fuel samples by
the OH' CI technique.

CONCLUSION
The use of N2O-hexane mixtures to generate OH' reagent

ions provides a very useful and rapid method for screening
and characterizing the aromatic compounds in fuel samples.
When measurements are token at low partial pressures of N20,
the resulting spectra are undistorted by secondary reactions,
and the patterns appear to afford the same type of information
provided by low voltage electron impact with the exception
that benzene and naphthalene are not detected. An advantage
of the technique is the fact that the fuel samples can pre-
sumably be dissolved directly in any aliphatic solvent, without
any loss of low-boiling components, and immediately analyzed
without any pre-separation of the saturate fraction. Extension
of the method to compound classification will require a more
thorough examination of the relative rates of reaction of OH'
with substituted aromatics and heterocyclics.
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Interlaboratory Study of the Determination of Polychlorinated
Biphenyls in a Paper Mill Effluent

Joseph J. Delfino*

Laboratory of Hygiene. 465 Henry Matt. University of Wisconsin—Madison. Madison. Wisconsin S3706

Dwlght B. Easty

The Institute of Paper Chemistry, P.O. Box 1039. Appleton, Wisconsin 54912

Six laboratories collaborallvely studied a method for deter-
mining polychlorinated biphenyls (PCBs) In paper mill effluent.
In preliminary studies, the recovery and relative standard
deviation (RSO) for the PCB Aroclor 1242 added to and
extracted from distilled water were 95.6% and 14.7%. re-
(pectlvely. Because the RSO of data from direct Injection of
Aroclor 1242 solutions Into the gas chromatograph was of
*lmllar magnitude, 15.6%, gas chromatographic analysis
appeared to provide the principal source of variation In the
overall determination. Participating laboratories achieved an
average 93.7% recovery of Aroclor 1242 added to a paper
mUl effluent; their data had a RSO of 16.0%. The results
bctcate that the method Is satisfactory for use with paper mill
•'fluent* having PCB concentrations above 2 pg/L and tt
compares favorably with findings from studies In other en-
vironmental matrices. Greater variation might be expected

effluents containing significant Interferences.

Polychlorinated biphenyls (PCBs) were formerly used in
carbonless copy papers, but this practice was terminated in
1971 (1,2). Small amounts of PCBs. particularly the Aroclor
1'242 mixture, are still entering paper mills which recycle used
paper fibers as part of their manufacturing process. It has
not been logistically nor economically feasible to completely
separate carbonless copy paper from the other waste papers
that are being recycled (1). Thus, until all of the PCB-
containing papers still in circulation cease to appear in recycled
fiber, small quantities of PCBs will continue to be discharged
in the mills' aqueous effluents. The amounts of PCBs dis-
charged can be lowered by reducing the suspended solids in
the effluent from the mill (3).

A procedure for determining PCBs in industrial effluents
has been issued by the Environmental Protection Agency
(EPA) (-1). In our collaborative investigation, we modified the
EPA method to apply specifically to paper mill effluents and



2236 • ANALYTICAL CHEMISTRY. VOC. 51. NO. 13. NOVEMBER 1979

aimed to document the precision of the modified method when
used in several laboratories. However, the modified method
described here has not been submitted to the EPA for
approval—an action thai would be necessary if the data were
to be included in an EPA-required monitoring program.
Participants in the study included industry, universities,
independent laboratories, and government agencies.

The promulgated EPA method for determining PCBs in
industrial effluents involves liquid-liquid extraction. Floristl
cleanup (Florisil is a registered Trade Mark of the Floridin
Company, Pittsburgh, Pa. 15235), and electron capture gas
chromatography. Previous work has revealed deficiencies
when this procedure is used on in-null process streams
containing large amounts of cellulose fibers (2). Complete
removal of the PCBs from cellulose fiber suspensions required
alcoholic KOH reflux of the isolated fibers subsequent to
liquid-liquid extraction. Samples of paper mill effluent for
PCB monitoring are typically taken following waste treatment.
Because a large percentage of the suspended fibers is removed
in the treatment system, these samples should not require
PCB isolation procedures beyond those specified in the EPA
method (4). Therefore, the procedure used in this investi-
gation retained many features of the EPA method (4) and was
judged suitable by the collaborators for the purposes of this
study. As described below, some modifications were incor-
porated to make the method easier to use on effluents in which
organochlorine pesticides were not expected or generally
observed in previous analyses.

EXPERIMENTAL

The interlaboratory study was performed in two pans. Phase
I was designed to determine the comparability of PCB metho-
dologies in use in each laboratory and to assess the ability of the
DaUlClOatinz analyst?, to nerforrn thp Hncir rmorotifmo omnWw;!
in PCB determinations. Phase 2 consisted of application of the
modified method to determination of Aroclor 1242 in a paper mill
effluent

Phase I. Each participating analyst was provided with
septa-sealed vials containing acetone solutions of Aroclor mixtures.
Each laboratory was asked to analyse the PCB mixture by (a)
direct injection into a gas chromatograph (GO employing an
electron capture detector, and (b) addition of 1 mL of the unknown
to 1000 mL of distilled water followed by solvent extraction,
concentration, and then injection into the GC. Procedures for
these operations were left to the discretion of the analysts.

Phase 2. Validation of Sample Preparation Procedure. Prior
to collection of paper mill effluent samples to be used for the PCB
determinations, a separate study was performed to evaluate the
study coordinator's ability to provide equivalent effluent samples
to each participant Because PCBs tend to sorb onto suspended
solids, samples for collaborative study must contain equivalent
suspended solids contents. A large volume of paper mill effluent
was placed in a metal container and was mechanically stirred.
Aliquots (250 mL) were removed and sequentially added to each
of ten separate 2.5-L glass containers. (Bottles were rinsed with
hexane several times to remove possible contaminants before being
used for paper mill effluent samples. The hexane was drained
and the bottles air dried prior to use. Aluminum foil was used
to line the bottle caps.) The process was repeated ten times until
each 2.5-L container was filled. Suspended solids were determined
on the contents of each container.

Instructions to Analysts. Each analyst received two 2.5-L paper
mill effluent samples and three sealed glass ampules containing
Aroclor 1242. Two of the three ampules contained Afoclor 1242
in isoocuxr,e; one ampule was designated a "known" and contained
13.6 Mg/10 mL; tne second ampule was an "unknown" and
contained 35.2 ng/10 mL. Participants were asked to analyze each
solution by direct injection into the GC. The third ampule
contained an unknown concentration of Aroclor 1242 in methanol
and was to he added directly to one of the two paper mill effluent
sample bottles. The ampule was designed to deliver 6.6 Mg of
Atoclur 1242 directly into the paper mill effluent sample bottle.

The study plan called for each participant to divide the convents

of one of the paper mill effluent samples into two equal portions.
Then, each portion was to be extracted ai\d the Aroclor 12*2
concentration of each portion determined by GC. Each analyst
was also instructed to add the ampule containing the 6.3 tig of
Aroclor 1242 to the second 2.5-L sample container, break the
ampule inside the container, mix well, and let this "spiked" sample
stand for 24 h before beginning extraction and analysis by GC.
As before, this "spiked" effluent sample was also to be analyzed
in duplicate by dividing the 2.5-L sample into two equal portion*
with each one being analyzed separately.

Determination of PCBs in Paper Mill Effluent. In the
promulgated method for PCBs in industrial effluents (4), PCBs
and organochlorine pesticides are coextracted from the sample
by liquid-liquid extraction. A silica gel microcolumn procedure
and standard Florisil column cleanup are prescribed for separating
PCBs from pesticides and for dividing the pesticides into sub-
groups. Because pesticides are unlikely constituents of paper mill
efflvients and were not of concern here, the EPA method (.4) v/as
modified for use in this study by removing from the procedure
those steps necessary for extraction, separation, and determination
of pesticides. The features of the EPA method (4) which were
modified for application to paper mill effluent in this investigation
are:

U) Hexane and petroleum ether (30-60 *C) were independently
shown by the collaborators to be suitable alternates to 15 %
methylene chloride in hexane for separatory funnel extraction
of effluent Hexane extraction has been shown to recover PCBs
almost quantitatively from effluents with low fiber contents (2).
Solvents of higher polarity, such as methylene chloride in hexane,
extract excessive amounts of non-PCB materials without im-
proving PCB recovery.

(2) To assure consistent performance of the electron capture
detector and to minimize down time for detector cleaning, all
extracts were subjected to Florisil column cleanup prior to gas
chromatographic analysis.

(3) In addition to the specifications for Florisil columns U),

t;
A
(r

were acceptable for PCB determination provided that (a) all PCBs
were completely eluted, and (b) chromatogram quality signified
that samples had been adequately cleaned up. Elution of PCBs
from the Florisil column with hexane or petroleum ether as well
as with 6% ethyl ether in petroleum ether was permitted. Use
of petroleum ether alone for elution is standard practice in
determining PCBs in paper and paperboard (5).

(41 The silica gel microcolumn procedure for separating PCBs
from pesticides was deleted from the method.

(5) Gas chromatographic column liquid phases specified in the
EPA method (4) include SE-30 or OV-1. and OV-n/QF-1. Other
silicone liquid phases used successfully for determining PCBs in
Phase 1 of this study included OV-17, OV-210, DC-200, OV-101,
OV-225, and equivalent SP phases. An earlier collaborative study
has indicated that several column materials are useful for PCB
determinations (6). Therefore, the phases listed above were
considered acceptable for this study. Also accepted were stainless
steel as well as glass columns.

(6) Unknown Aroclors were identified by matching retention
times and relative peak heights with peaks in reference Aroclors.
To ensure valid quantitation. amounts were injected such that
the size of the peaks from the sample and the standard were within
±25%. When quamitation was based upon peak heights, at least
four peaks were used.

RESULTS AND DISCUSSION
Phase 1. The results of the GC analyses of Aroclor 1242

in acetone are presented in Table I. The average PCB
concentration (as Aroclor 1242) based on direct injection into
the GC was 1.47 ng/nL, representing an average recovery of
98% of ihe i.o ng/yL present in the acetone solution.
Therefore, on the average, the results indicated that the eight
participants in Phase 1 had good GC technique and could
quantify PCBs.

While the results of the direct injection experiment were
good, some variation among the analysts was evident as shown
by the standard deviation (0.23 ng//aL), relative standard
deviation (USD) (I5.67c) and range (1.05-1.76 ng/nL). While
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Table I. Determination of PCB« as Aroclor 1242 in
Acetone Solution by Direct Injection and Extraction
from Distilled Water (Phase 1)

PCB
extraction

from distilled
water, %analyst

1
2
3
4
5
6
7
8

average
range
standard deviation
rel. etd. deviation

PCB by direct
injection, ng/M La

1.52
1.41
1.46
1.70
1.59
1.26
1.76
1.05

1.47 ng/KL6

1.05-1.76 ng/KL
0.23 ng/KL

15.6%

90.0
99.3
89.6

>100e

114
106
70.1

100

95.6%"
70.1-114%
14.1%
14.7%

•• Concentration of Aroclor 1242 = 1.50
* Represents average finding by direction injection = 98%.
e Treated as outlier as analyst was unable to quantitate
recovery except as reported. d Data from analyst no. 4
excluded in statistical calculations.

Table II. Test for Determining Suspended Solids
Concentrations in Represencative Samples

run

1
2
3
A

5
6
7
8
9

10

average
range
std. deviation
rel. std. dev.

suspended solids,
mg/L

73.2
80.8
74.8
74 ft

75.0
73.6
77.6
77.6
74.4
72.4

75.5 mg/L
72.4-80.8 mg/L

2.53 mg/L
3.3%

this indicated more variation than might be desired in an
interlaboratory study, it is shown later that a RSD of 15.6%
U typical for PCB determinations involving environmental
matrices.

The extraction of Aroclor 1242 added to distilled water
resulted in an average recovery of 95.6%. This was satis-
factory, although the variation was again relatively high as
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indicated by the RSD (14.7%) and the range (70-114%).
Because this sample was free from interferences, the precision
represents that which is attainable under unusually favorable
analytical conditions.

The RSDs obtained in the direct injection experiment and
in determination of Aroclor 1242 added to distilled water were
of similar magnitude. This suggests that GC analysis provided
the major sources of between-laboratory variation in the
overall analytical scheme. Likely contributors to this variation
included: (a) use of different Aroclor 1242 standards with
slightly different PCB isorr.eride composition, and (b) use of
different quantitation methods, including measurement of
peak heights, peak areas, or weight percentages of individual
peaks (7-9). The contribution of different GC columns and
conditions is difficult to assess, although it was possibly
advantageous for the analysts to use their own columns which
produced familiar Aroclor chromatograms.

Phase 2. This phase of the study again involved deter-
mination of Aroclor 1242 by direct injection of solvent so-
lutions into the GC and, of greater importance, also included
determination of Aroclor 1242 in a paper mill effluent. The
effluent was studied as collected and after addition of a known
amount of an Aroclor 1242 standard.

The ability of the proposed sample collection procedure to
supply equivalent mill effluent samples for collaborators was
tested by determining if the procedure could provide samples
of equivalent suspended solids content Results are given in
Table II. One analyst removed aliquots from each of ten
different 2.5-L sample bottles, filled as described earlier, and
performed the standard suspended solids measurement (10).
The data indicate that representative suspended solids
distribution could be achieved by the sampling technique,
since the RSD experienced was 3.3%. The published RSD
for ?u?penrl«»d <>oliri« determinations ranees trom u. 10 to Jove
depending on the actual suspended solids concentration
present in the sample (10).

Known and unknown Aroclor 1242 concentrations were
determined by direct GC injection from glass ampules. The
results are shown in Table III. The known solution allowed
participating analysts to check their in-house standards with
one prepared by the coordinating laboratory and also provided
a reference standard to be used for the spiking, extraction,
and recovery experiment involving the paper mill effluent
sample.

The determination of the known and unknown PCB
concentrations by direct injection into the GC yielded es-
sentially the same average calculated recovery data, i.e., 98%
and 97%, respectively ^Table III). However, the variation
among seven reporting analysts was somewhat greater for the
unknown standard solution (RSD = 12.6%) than for the
known standard solution (RSD = 7.57o). There is no im-

Table HI. Determination of PCBs as Aroclor 1242 in Isooctane Solution by Direct Injection (Phase 2)

PCB concentration as Aroclor 1242

Wh>

analyst

1
2
3
5
6
7
8

average
range
std. dev.
rel. ctd. dev.

known (13.6
concn reported,

Kg/10 mL

14.2
13.6
12.5
12.5
12.8
15.0
12.5

13.3 Kg/10 mL
12.5-15 Kg/10 mL

1.0 Kg/10 mL
7.

Kg/10 mL)

calcd recovery,
%

104
100
92
92
94

110
92

98%
92-110%

7.2%
5%

unknown (35.2

concn reported.
Kg/10 mL

37.0
34.0
36.0
27.3
31.0
40.7
33.4

34.2 Kg/10 mL
27.3-40.7 Kg/10 mL

4.3 KC/10 mL

Kg/10 mL)

calcd recovery.
%

105
97

102
78
88

116
95

97%
78-116%

12.2%
12.6%
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Table IV. Determination of PCBs as Aroclor 1242 in s
Paper Mill Effluent (Phase 2)

replicate, Kg/L
analyst

1
2
3
6
7
S

average (n = 12)
range
std. dev.
rel. std. dev.

no. 1

2.70
3.48
2.45
2.26
2.33
2.98

no. 2

2.09
3.68
2.89
2.32
2.73
2.84

2.74 Kg/L
2.09-3.B8 Kg/L

0.52 Kg/L
19.0%

average PCB
concn reported
by eacn analyst,

Kg/L

2.40
3.36
2.67
2.36°
2.53"
2.95"

2.71 Kg/L6

2.36-3.36 Kg/L
0.39, "

14.4%

" Includes small additional amount of PCB obtained by
rinsing sample bottle with solvent after removal of sample.
* Statistics developed by considering only the average
PCB concentration reported by each analyst.

mediate explanation for this except that the unknown solution
was ca. 2.5 times more concentrated than the known solution.
This resulted in an additional dilution step to keep the
unknown Aroclor on scale. This could have introduced ad-
ditional error and the slightly higher RSD.

The PCB concentration in the paper mill effluent was
determined in duplicate by six analysts according to the
modified analytical procedure. The results are given in Table
IV. The paper mill effluent was also analyzed in duplicate
following addition of a methanol-based Aroclor 1242 standard.
These data appear in Table V. Relative standard deviations
of the PCC determinations performed on the effluent as
collected and following addition ot Aroclor 1242 were 19.0%
and 16.0%, respectively.

The variations in the results for the determination of
Aroclor 1242 in the paper mill effluent among the six analysts
who completed Phase 2 were not very different from the
variations noted for the direct GC injection of Aroclor 1242
solutions (Tables I and III). This suggests, as did the Phase
1 findings, that only small additional errors were introduced
by the sample extraction and Florisil cleanup steps.

As indicated in Table V, the average recovery of the added
Aroclor 1242 was 93.7%. This average is slightly misleading
since three results clustered near 100% and the remainder
ranged from 84 to 88%.

Following Florisil cleanup of the paper mill effluent used
in this study, all collaborators obtained characteristic Aroclor
1242 chromatograms. Some other paper mill effluents contain
interfering materials that cannot be removed on Florisil and

Table VI. Some Examples of Interlaboratory Variation
Based on Collaborative Studies Involving PCBs

sample matrix

paperboard
milk
chicken fat
marine wildlife
shark liver homogenate
marine sediments
fish
paper mill effluent

rel. std.
dev., %

15-22
18-31"
6-16°

21
27
22

27-37
15-19

" RSD varied with method used for

no. of
analysts

11
10
10
14

6
10

7-13
6

ref.

(S)
(9)
(9)
( 1 2 )
( 1 3 )
(U)
(IS)
this study

GC quantitation.

which produce badly distorted chromatograms (11). Be-
tween-laboratory variation in PCB determinations conducted
on effluents containing intractable interferences would un-
doubtedly be greater than that experienced in the current
investigation.

Other observations reported by the collaborators in Phase
2 included (a) formation of emulsions during solvent extraction
of the effluent, and (b) small differences in peak ratios between
the individual laboratory's Aroclor 1242 standards and the
standard provided by the coordinating laboratory. Emulsions
were broken by centrifugation or addition of NajSGv The
problem of variations in PCB standards could be obviated by
providing Aroclor standards from a common source to all
laboratories conducting PCB determinations.

Considering the nature of the paper mill effluent matrix,
the results of this interlabortory study were good. This can
be substantiated by comparison of the RSDs reported in this
studv with those reoorted for PCB collaborative studies

It is clear, however, that analysts desiring to compare their
results for the determination of PCBs in environmental
samples must anticipate variations within the range of 15-20%
expressed as the RSD.

CONCLUSIONS
Based on this interlaboratory study, the method described

herein for PCBs in paper mill effluents appeared satisfactory.
However, the statistics developed in this work were derived
from determination of Aroclor 1242 mixtures in the con-
centration range of 2-6 Kg/L and on an effluent from which
interferences were readily removed. Different precision and
accuracy findings could occur when the method is applied to
paper mill effluents having different contents of PCBs and
of materials which interfere in the determination. Gas
chromatographic standards and techniques appear to have
been the principal sources of variation in this study. It is

Tavle V. Determination of PCBs as Aroclor 1242 in a Paper Mill Effluent to Which a Standard Solution of
Aroclor 1242 Was Added

analyst

1
2
3
6
7
8

average (n = 12)
range
std. dev.
rel. std. dev.

no. 1

4.30
6.26
6.56
4.32
5.80
4.64

replicate, Kg/L

no. 2

4.90
5.95
4.50
4.15
4.96
5.17

5.13 Kg/L
4.15-6.56 Kg/L

0.02 Kg/L
16.0%

average PCB concn
reported by each analyst,

Kg/L

4.60
6.10
5.53
4.32"
5.42°
4.96a

5.16 Kg/L"
4.32-6.10 Kg/L

0.63 Kg/L
12.2%

calcd recovery
of std. PCB* %

88
100
103
84°

101°

93.7%c

84-103%
8.53%

9.1%

" Includes small additional amount of PCB obtained by rinsing sample bottle with solvent after removal of sample.
Based on average PCB concentration reported by analysts in Table IV. c Statistics developed by considering only the

average PCB concentration reported by each analyst.



important (hat regulatory officials seeking to establish effluent
standards for P'.'Bs in discharge media such as paper mill
effluent take the find'ngs of this and other related studies into
consideration, so that the standards may be enforced rationally
in light of analytical variability.
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Quaternized Porous Beads for Exclusion Chromatography of
Water-Soluble Polymers
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The novel approach of using Ion-exchange chromaiographlc

supports for size exclusion chromatography of neutral and

cailonlc water-soluble polymers Is presented. A quaternary

to trie surface of porous sWca glass In tne pore size range from

40 to 25 000 A. Chromatograms are shown of poly(2-vlnyl-

pyrldlne) and dexlran molecules using acidic salt solutions as

etuents. Molecular weight calibration graphs, theoretical plate

height plots, and concentration effects are discussed In (fetal.

Gel permeation chromatography (GPC), originated in 1965
by J. Moore (/), has primarily focused on nonaqueous ap-
plications and many advances have been achieved. However,
progress in the area of aqueous exclusion has not been as rapid
owing to the many experimental difficulties encountered (2).
Aqueous GPC has been confined to neutral and anionic
polymers since commercially available supports work favorably
for a number of the-se materials (3). Cationic polymers have
not been chromatographed because porous silica glasses and
cross-linked copolymer resins tend to be aninnic in nature
leading to solute support interactions. G. B. Butler (•/), in
1976, chromatographed rationic polyelectrolytes on quater-
nized styrene/divinylbenzene supports with limited success.
Some of the disadvantages observed were: (1) the swelling
of the resin which was a function of ionic strength; (2) the
support compression as the fluw rate increased; (3) the limited
porosity of these supports. The porous silica glass supports
were felt to serve as the ideal substrate if adsorption could
be eliminated. They have a fixed pure and particle size and
can be us«l at the high flow rates needed for mirroparticulate
high resolution cluonialography. Attempts to deactivate the
surface by silanizntion (.'<) and by the addition of canonic
surfactants to the eluent (5, 6) have been unsuccessful. In
this paper, we are introducing the concept of using ion-ex-
change supports on glass to reduce solute glass interactions
(7).

The ion-exchange supixirt chosen to chromntoprnph cntionic
P°lynicrs must be a strong anion exchanger. The quaternary

ammonium ion is an excellent choice since it creates a pos-
itively-charged surface to repel the positively-charged
polyelectrolyte. The support was prepared by reacting 3-
aminooroDvltriethoxvsilane with the elass followed by reaction
.e »u , ..,—:_-i MU , .._ V.:»U o .hl-.~.a U..J.r..-.,;.
VI b*«C b C t l l i t « l 4 A A 4 « » *^ £'V/vpS > * * t 4 l O Wkkiw.S . — . . ^ M a W ^ ^ * . .

methylammonium chloride. The procedure was similar to
those described in the literature for the silanization of glasses
(2, 8, 9) and is illustrated in the equations below.

( i )
CI»s)-Si-OH

OH

GU»s)-Si-0-Si(CH,)j NH2

OH

Si

0 OH

ula»»)-Si-0-Si-(at,)j NHj • CICHj CHCH2

Si

Si

0 H OH

)-Sl-0-Sl-(aij)}-N.CH2

0
I
SI
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Determination of polychlorinated
biphenyls in paper mill effluents
The Influence of suspended solids

ABSTRACT
Complete extraction of Aroclor 1342 (a mixture ofpolychlcrinoied biphenyls) from
paper mill tfjlutntt and proctmi stream* containing cellulate fibers rtquirtd a
two-ittp procedure. The tttpt wtre fl) triple repository funnel extraction and
(Z) tubttquent alcoholic KOH reflux oftht uolattd fibtrt. MucA of the PCB in a
fibtr-unttr suspension toot torbed onto tht fibers. Alcoholic XOH reflux was
needed bttause a portion oftht torbed PCB uitu wiaeant or inaeatnible to the
aalvtnt in th« ttperatory fltnntl attraction. Contributing to PCB torpticn <uui
irltntion umr» fibtt -aptciflc lurfoft o-rca and ruin content. Separator} funnel

KEYWORDS
Polychlorlnatrt oipnenylj*
Chemical aflalytl*
Ceiluloee fibera
Effluent*
HecllirneO fioen
Piper mllli
Qai chromalography
SurficttntB

Dwlght B. Easty and Bette A. Wabers
The Inatltute of ChmniMry. Appleton. Wls, 54912

Folychlorinatod biphanyla (PCB's) ore
onranic omnpouarli which havo b»on
sold in the United St»toi «e xmtturet,
cilliMJ Aroclore. Prior to tlm spring of
1971, c*rtxmleai copy ptpur cuntnJaed
Aroclor 1242. However, thi« us* «M
tennioated whnn PCB'f worn found to
ponciB low-lev*! to deity. Old carbon-
loMoopyp«p«rccAtAiAiuK Aivcloi 1242
is apparently itill mLering p«j*r l
uMiiK iccycled GUr with tb*ir mw

and the PCB'a l««v« the mills
in thair producta, cffluentt, and iludgee.

Regulttiona dtfligntd to minimize
tha (Uktry of PCB'i into to. environ-
ment vii mquMiu eflluenta have been,
or noon will b*, promulgaud by both
fistUrml and ftUto ftgaceuw. CouequenUy,
•ccurvu isntkadA for PCB dvtcrnuivi-
tiatx* OTO n«*dod for tflfluont monitoring
And for in-pl-nt u*t- in evcluAUon of
coaUol txclujology. Tbe method pro-

I. Recovery ol Aroclor 1242 from aplkad woodpulpa and
from aubirntiod fiber suspenstona

St/npJ*
HtidMood A
)1l/(]wuOd 0
tlAlit*»L>uJ kj

3oft*6GlJ A
SoMwoud D

• Softwood C
Mill Mmpta
Mill iimpli
Mill a»mfiV»

Ca/ij/ji*/ie>. %
1 U
o./
or
Ofl

o.^
o.r
0.4

0.06

fl«ct)r»ry by

•A'/*iCf/U/t. V

84 A
VI. LI

flV.<!

101 U

u.c
M.2

91.5
»4.4
R6.0

Itcocvry by

n b
'JO
n i
-0

/.2
B.5
3.6

15.0

scribe, by the Environment*] PnrUo
tioD Agency (EPA) Tor diterminins
PCB'a in industrial efflunau U) in-
volve* liquid-LlquJrl txti-crion, Flrtri-
sil cl«_nup, and eloctron capture g»i
chn>nuito]{niphx. In tb» ourreoi WT* . •
tigation, the efTectivvne** of ihi* m«tb-
<x)oU>gy in analyiii of paper mill tfllu-
ont» end proceM itreame eontaininK
auipended aolidi ha 8 been evaluated.
Of principal Intareit hat been the re-
tention of PCB's by euvpended calluloae
(Iburs during geporitory runnel extric-
tion.

Itolatlon of PCl's from
umptoa oontalnlnf

Tappl / OctotBf 197H Vol. 6 f. No. 10

A'*I« Added Ui U.V-l.U'V
»ionn of nvv.i.) bardwood And
pulps in wt(«r. Incompldte recoverire
wue usually experienced when then
Biupcnsiont were lubjoctad lo triple
s«pirau)ry funnel extractions with hex*
«n«. BB initieated by th« date in Table I.
Improvements in reccvory did not occur

piv
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II. Recovery of Aroclor 12*2 from hardwood
fibur suspensions

III. Recovery of Aroclor 1242 from
softwood fiber suspensions

r fit»r
conrenr. x

0,005
0.01
0.05
0.10
0.10
0.40
0.60

o.ao

Aeooire/x 6y
•Mtractlon. %

97.0

06.4

81.8

91.8

64.?

80.2

OO.G

eo.4

f/e/n Hbtfi. %

0.9

•.4

10.6
90

15.6
15.6
15.0

Tout
fltconry. %

97.9

96.8

100.2
102.6
03.2

90.0

9S.4

90.0

Aotr
content. **

O.OOS
0.01

0.06

0.10

0.1 U
0.40

o.eo
o.ao

Heeowary oy
oxfraedo/i. *.

93.3
94.2
43.8
06 4
Bi.4

ft*.*
01 4
82.2

flaeovary

OJ
OS
1 1
1.5
..e
28
4ft

1*

r+ccitry, %

96.8
94.7
94.9

100.3
MLO
flJ.O
•7.0
Ml

when 15* methylene chloride in h*x-
ane was uacd aa extracting solvent. Uae
of more polar solvents, such aa ethyl
ether-petroleum ether mixtures, wu
impractical: they removed exceaaive
amounta of nan-PCB materiale which
interfered vrith tubeequent gas chroma-
u>|praphle enalyria. Following the aepa-
ratory funnel txtraction. the fibers
•were filtered from th* aa naplca. and the
reiidual PCB w«» reiunved from the
fiben by reflux in 2% alcoholic KOH,
«B is normally uicd for determining
PCB'i in paperboard CM. Amounu of
r*CB recovered in this manner are alau
aho*n in Tattle 1. lUiUuv.l wf all reaid-
ual PCB by the alcoholic KOH *•«
dcmoiuitraUd by diaaolving the fibai&
\ 72* H,SO4. diluting with watei .
nd extracting with bo ane
Include*) alw> in TabU I «i« 0atra<.-

tion data oktiiatd on typical Aber ius-
pvluioiit -ubniUud by n |u(*i mill for
PCB JeUrnuu.tioc. I<«nulU in tb_t
table indicate that com|ileU removal uf
Arvclor 1242 nrum HUB)><-iiniooi uf ccllu-
loec Gber» required a lwtj-»t«p proce-
dure. Th« ii»f* JLTI (l)Ciiple aeparatory
funnel cttrnriJoo. tnd <2) cubMCi
ulmhnlir VOX r»f)\u of the lwl/»ted

in T»V|eq 11 and TH
fmm t it\irly rlptifTVcl i
wh^thr^ llr^h^lir; T*rOIif r*flnT rrf thr
Hberi «ubt«qurnt to **paratory funntl
extraction wat needed to remove PCD'i
fipom fiber- water •ucpetiaiona with low
fiber conUbta. Th* reaulta indicaU that
fiben, rv«n at low concentrationa in the
•ample, retained torn* PCB'a, and that
alcoholic KOH reflux wai ncedrd fot
complete PCB removal However. Ln
analyaie of rllluenu enntainiog less
Lhan about O.Ofrlt builwood ur O.&X

I SiUtra, the aiuooAt of PCB re-
by th* llb«ra wa« auiall CVID-

pared *iU> oth*r repvrued au.rxei vl
error in J?CB dnteruilUaiioiK le g . ?

M4d-lJ J » v i « C i.in (oi

Thu«, It may l*> ix>i».lud«d tb.l Lh«
J A liquid —liquid uxirautiun t-cK-
Cique (Kould tjc ndrqualr for iixxl efll u-
eata containing low aomuiiU uf nvia-
pended solids, and that it ia inedwjunte
for prooau ntreaou containing large

amount* of cellulose fibers. Becauw of
their higher fiber cooUmU, the proceaa
stream- would require the two-etep pro-
cedure for complete PCB removal.

Bff*ct« *f flb*r prep*rtlo«
on PCB distribution
The hardwood pulp In Table H ap-
parently retained more Aroclor 1242
during separator? funnel extraction
than did the aoftwood pulp in Table III.
Peihapfl thit result wai influenced by
the higher hydrodynamic specific «ur-
fecv area of t_« tumlwood (19,380 va.
15,100 un'/K). Thoau dnding* yioinpua
Miiuidaration of thir impact of flb«r
pro^*rti«i on distribution uf FC'fl'i be-
iweon riberi) and water.

For initial atudiet of PCb dujtribu-
Uuti, a bleached aoftwood pulp nao
b«*tM> lUld di»uifl*d U»iUR lh» COIl
ataou/ate niuutiuu Uchui^ue, the hy-
drody iLftinic up*ciAc eurfftus of the on-lo
ine«h fibers and the thn<ugh-<Ji> ui««li
fine* wora found to be tt.680 ^iid l.O.UOu
cm'/g, rcvpectively. Identical /tlcohol-
b*nn>no extractive.. 0.2%, wero meo-
surMi on each of the two fractions. Sun*
pennioTui, 0.78% coniUtoncy for the long
fiber* _nd 0.42&% for the finei, wore
rpiked with 100 M«/liter of Aroclor 1 242
and fltirred for 3 min. Aa dincuaied
robw^utntly, teetieg of thene tamplef
waa perfonned in two different ways:
One aeriei of laraplea woa filtered be-
fore leperatory fuoAal extraction of
PCB'a, and the accond eerie* of tamplM
wai filtered after oeparatory funn*)
extraction.

Stmploi in the first MrieK were fil-
Urad, and the PCB waa removed from
the filtrau by nepar«lory funnel ex-
la action with petrulcuin ether and from
th* flbera by alcoholic KOH icflux
Data on chcuc aampUa in Table IV
itiiliceU Ui»l the iuin aurtwd m^ic PCU
LhAii did the loii£ ril«n If Hit linen
ct/nBi/iLrn>.> I.ed boou n* li igli •• t>i_t uf
tin fibKMU, UiM traiwi would quite likely
hnvu (j*«ei «vea inoic etu^lutUc. TK*
OCJEl «orUd by the long HUi* aiiJ fiu«n
*aj computed U> b* 1.680 and 13.700
ng/g o.d. libei, ratpactively, Thus, thu
rntlo of th* ajnounta of PCB aoibcd by
the two fraction* waa roughly propor-

IV. Distribution of Aroclor 1242 on
fibers and finn before and after

ae par at dry funn»l extraction

On-TO

FiltnUon D«fore
•itraetlon

Recovery from

Recovery from
fibers. %

Filtration after
extraction

Recovery by
•-traction, %

| Hecovery from
I fiber*, %

71.2 12.3

214 87.7

100 61.1

0 19.2

tlonal to the ratio of thjiir hydrody
L.*iuk specific nirfacr.* (about 1:10).
Subevqueut U Uiia inr«*Hf atioo, »>ri>
boo of Aroclor 1242 by uillule*e filwia
««a* found to condovM for nrvtral hoara
(4}. K the** auipeneione had been
stirrnd longer tafoie filtration.
omounU of PCB on the fiber* end fln+e
would probably have hevn greater.

Sample* In th* Mcond eerina were
filtered after nperatory funnel extrac-
tion with petroleum eiher, yielding
multa also ahown In Table IV. Meth-
odoloiry (or th«*e anaJyM>e w«j. thcre-
fw«. tdentictl with that need w nhtaln
data in TabUe I-III. TKea* data ehow
that eha MrinratAry Ainntl extnctian
removed *11 of the fcirbed PCB from the
long fibore end novt, but net all. of
the PCB from the Una* The PCB not
ettractet) from the fine* waa In •em*
manner mutant or inifr«e4lblft to the
extracting MlvenL It might be specu-
lated that a portion of th* poroue rtruc-
loi e of the fine* "a* act penetrated by
dr«|>Uu e>t petroleum ether during Mp-
ur*Ury funnel extraction of th« aqiiaoue
Aluny. It in becauna of thii latiaUnt
or inacMiiibl* PCB th»t the twoetep
extraction procedure mint b» iu*d In
order to iciuo** all of lh* PCB Iiom
euipcnaiont csnlalninif cellulose Gber>
and fmta.

Additional insight into eoae of »x-

ra VoL 91, Ha. TO Octotu*
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V. Distribution of tractor 1242
botwoen waiar and ribero, firtered

before analysis

An 'Bceivnd

Blasched
softwood
Blaached
hardwood
Unbl«ecn*4
•arnvood
Unbleocneo
hardwood

Pre-extracied

BteacrMd
aoftwood
Blatched
hardwood
Unbleached
softwood
unbisacnad
hardwood

/)«cov*/y
Irani

fti'i»n^%

32.0

37.C

24.0

31.0

70.4

71.4

33.0

54.0

fleeovary
/ro">

37.S

57.5

62.6

52.0

te.«

12-8

59.6

29.0

VI. Recovery of Araclor 1242 using
two-dlep ftxlraciion proeodu/n

A» tacaivad

Dtesched
x.HWi«d

hardwuod

W'tviOOd
tJnb^sc^tad
htrdwrood

BltROhfil
«.irt«rrjoil
Dlnichad
hardwood
Unblaichod
HOftnOOd
Unbleachad
hardwood

flaeov»ry
HfC'iftry Of ttuin

«<(/•• rfO'>, *. liLum. *»i

fru.il t. \

A0.4 134

«2.7 4.8

17 J 11,0

nfl.n 2.4

90.0 12.

b4.4 4.4

M.e 4.e

traction of PCD'e from wood pulpo waa
obtained from studies involving un-
bUaebod and bloochcd hardwood and
aofVwood pulps tnude in thc'tame mill.
Alcohol -beruane «xtractiv» contents of
the unbleached palps were both 0.36%,
they *ero 0.46% and 0.231 Cm the

• bleached Lajd^uod Aiid «oft\»ooJ, te-
«p«cLivdly. TK« puljirf had generally
aimilur hydrodjmawic _{>ecific ourfuct
areaa, running from lO.OOu U> 13,600
cm'/g. Aqueous suspensions of 0.1%
conaiotency were prepared from each of
the pulp* au rocoivod and following re-
moval of alcohol -Haazane «xtractivea.
Aroclor 1242 Amounting to 10 >*g>liter
was dispersed in each sample, and the
suspcwiona were allowed to stand for
one-half hour. PCB's were then isolated
from the samples using the two proce-
dures employed previously: W filtra-
tion before extraction, with the filtrate
extracted in a separator? funnel, and
the fibers reQuxod in alcoholic KOH,
and (2) filtration altar the auflpwvsion
had been extracted in the separator^
funnel, with subsequent reflux of the
fibers in alcoholic KOH (the two-step
extraction procadura).

Data a/» shown in Tables V and VI.
These data confirm oarlUt ruaulU in-
dicating thatauptLtaury fuuncl extrac-
tion ol ninJi 4u0f*tA4ujri4 rwAiovod oujut
but not til ol the PCB auitcd _nto ll>4
liberr With tbc emptKiO of tin- un-
Ulcn^licJ luAnuuii / i i l j . reiuuval of _ l -

VII. Effoct of aurf.otAAt In extraction
Ol Arocior 124^ from fibor

apparent U>mlnin.> of Aiuilui L2-\2 tu
ttotb ciiu> libeju (.Table V) aud U» be ie-
taJnod by fibers duritig iuu>*ttiiuiy tuu-
ncl axtroction of the auapciuuon (Table
VI). Thus, reain content of the pulp
usually affected PCB norption and re-
tention. Bockuee PCB's hsve low po-
larity. Choir norption was probably facil-
itated by the low-polarity retina.

In Table VI it is ahown that eignifi-
cant Amounts of Aroclor 1242 were re-
tainad on the Hbern during Mrpnrntory
funnel extraction even after resinous
materials were removed from the pulps
by pre<extraction. This suggfttu that
pulp structure or chemical makeup, in
addition U> reain content. aJfectud PCB
inaccennbility or itaietAnct: to ft* trac-
tion.

With the unbleached softwood pulp,
features other than reain content ap-
peared t/> be predominant in PCB dla-
thbution and retention; pre-artreetion
of this pulp had little effect in either
Table V or VI.

tffoct of turf*ctemit
A lurvey of jovarsl auifacianU r«-
vealcd that the nouionic aurfactant
Tnton X-100 (Jtohm & Haas Co.) nhiAad
the distribution of Arodor 1242 so that
more PCB waa in the aqueous phete
and less on the cellulose fiber*. There-
fore, it waa hoped that addition of thlfl
surfactant to fiber suspensions would
permit ell of the PCB to be removed
during stparatory funntt extraction
and would obviate the second step of the
two-stop extraction.

Suspensions of three bleached pulps
at 0.7% consistency were dpiked with
80 (-g/litir of Aroclor 1242 and were ex-
tracted using the two-step procedure.
Samples of each pulp were prepared
with and without 0.02% Triton X-1DO.
bajud on the total suspension. Data in
Table VTJ iodknte thnt aurtactant addi-
tion reduced the amount of PCB re-
tained by the Ebera. However, thg al-
coholic KOH reflux of the fibers wsa
alill ce«d«d for complete PCD rcnxr»al.

Olhatr auipemdsjd lOlldft
I'll* oUftCtivejicju of i)f|/«i»iory fuon.l

/or icniO'ftl of PCrVfl from
: euBj-indcd. solid* Ln p»p*r.

effluent* aud procw.H stream*
waa alao evaluated No cellulose ftbei«
were present in these laboratory na»-
pie*. However, the starch and pigment*
to be studied were nddsd in amount*
comparable to what might be found In
A pypermaking furnish.

Recoveries of 10 ^ig/lrUr of Araelor
1242 spikes from each step of the two-
step extraction procedure nr» shown in
Table Vffl. Nearly a« of the PCB was
recovered by separator? funnel extrac-
tion, and no detectable PCB was iao-
lattd by alcoholic KOH reflux, of the
filtered starch and pigzaapu. Thus, ap-
porunUy no significant amount of the

by Ly
oeper ttiofy A/CXJ/IOJ/C

tv *t/) 9! KOH
Ulte»i,ttuti. <a//_«,

N %
So/rwooJ 0
£iif1toOuJ Q t
jurfaclaiit
^vnNwc>vtf c
iwnwood C ^*

HarowocMJ C
HarQwood C
-»• lurtactant

MTO J.8

U«.' i<

**.e jo

•1.6 7.0

t lined by the unbleachvd. pre-extrActttd
V>ulpa Au^eat a possible effect of ligain.

VIII. Extraction of Aroclor 1242 'rom

kialc aoUds was reaitrtant or inaeceeaiblo
to «olvent extraction in the aaperatnry

iuspunsions of noncellulcuic martarlala

AfrCOi/Ory Ly AaCOvery hx

SUicli 0 IS
h.o/m clay V2£
TiO, u.̂ 5
Tale 1.J5

44.6 -0
03. fl iniarlatvnp*
68.4 H5
sij tmtrference
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funnel. Unfortunately, gaa chrcaato-
grama nhowed non-PCB inlarfanneti
fitim the clay and the talc which might
hove obscured detection of small
amounts of Aroclor 1242. Recoveries of
Ions thin, i 100% by separntory runnel
extraction probably reflect manipulative
and volatilization IOHAVS, which weie
discuaocd in an earlier preliminary
communication (5). The apparent low
retention of PCBs by the pigtnenta is
consistent with the comparatively low
afliniiy of PCB's for kaolin cley and
other inorganics (5). The data from
this investigation indicate that the cel-
lulose fiberi. rather than the nnnctillu-
losic material*, aro the components of
paper mill effluents and proccos
atrearna which require the two-step ex-
traction.

Recommemdtod analytical
proot>durs)9
Procedure* reoarameoded for isolating
PCB'a from paper mill effluent* and
proceoo atraama containing tueptnded
johds consist essentially of the EPA-
prescribed liquid-liquid attraction
toehoique (I) followed by alcoholic
KOH rofl.x of the suspended nolidr
'tlte alcoholic KOH trtntmunt hu been

b> Uie Food and Drug
for dc-Uiriuliilng rCIVo

iu papeibu_itl (i). In thin n]icrt thisau
uirubinod luet'ioda have been termed
iha "two-step Axtraetion proeaduia."
Omiwjion of the eocond «Up of the pro-
endure may be coiuidered, depondtnn
upon the amount and type of tusponded*
e/olida in th« sample and the degree of
accuracy required in the Analysis. U ia
recommended that the analyst evaluate
the neod for the second extraction lt»p
an the types of aamplei which he rou-
tinely analyzes. Also recommended are
the otvps to minimixe volatilisation
losses of Aroclor 1242 dsserib-d in a
previous communication (5).

Literature
l. Ftdtrat Rtfltirr J«(10fl\ Part U: 28758

(1973).
'i. Young. S. J. V.. Finaterwrttdtr. C. £., and

Burke. J. A..J. Aiwc. Off*. AnoL Cktm.
K8(4): 9i7 {1973).

3. HuUir>r*r. 0.. 3*ft, 3.. <ind Zitlie. V..
"Tbe Dmmlnlrjr of PCBV CRC Pr»«a,
cif»*i»nd, Ohio. 1974, p. an.

4. D>iU>, C..'... unpubl>i>>ui< '*">r
', E...iy 0 D . ^J W»bu». H. A..

Uu,,. imi l ) . U&MI977.1

L>. lit, uo (t . . achiii«JJIrig. IJ W.. »nd
Y . t l , S'Wilin $'• 1'icfi'i.l

v*l for ml** DM. A. 16T7.
M 2«. 1S7«.

i • pip*r publiikH ID tAtPt Cotfium
>>at»rtm»an, a* - - .

lim of the Pulp «rvl P«p«r !n4u«Tj. lac., AUaoUi.
Qa.

Vol. 61. No. 10 October 1978 /



EPA 560/6-77-005

PCBs INVOLVEMENT IN THE
PULP AND PAPER INDUSTRY

Task 4
Roderick A. Carr, Robert L. Durfee, and Edward G. McKay

EPA Contract No. 68-01-3259

EPA Project Officer: donas Kbpp

For
aivironmsntal Protection Agency

Office of Toxic Substances
4th and M Streets, S.W.
Washington, D. C. 20460

February 25, 1977
REPRODUCED BY
U.S. DEPARTMENT OF COMMERCE

NATIONAL TECHNICAL
INFORMATION SERVICE
SPRINGFIELD, VA 22761



f :

'

DATA 1. Report No.
EPA 560/6-77-005

2. 3. Recipient'* AcccHMion No.

/Itle and Subtitle

ICBs Involvement in the Pulp and Paper Industry

S. Report Dace

Fph-nwry 25, 1977
6.

n s o s Honenra A. uarr, oayanen x. 6ontds7
itobert L. Durfee, C.C. Vanessa Fong, Edward G. McKay

8. Performing Organization Kept.
No- 474-5A

Performing Organization Name and Address

VEPSAR INC.
6621 Electronic Drive
Springfield, Va. 22151

10. Project/Taskwork Unit No.

11. Contract/Grant No.

68-01-3259

2. Sponsoring Organization Name and Address

U.S. Environmental Protection Agency
Office of Knd.c Substances
Washington, D. C.

13. Type of Report It Period
Corered

Final Task Report
14.

15. Supplementary Notes

EPA Project Officer - Thomas E. itopp
6. Abstracts • .

The sources, distribution, and losses of PCBs in the U.S. pulp and paper
industry are discussed in detail. The major source of PCBs to the industry is
recycled carbonless copy paper manufactured from 1957 to 1971, but the amounts
of PCBs from this source diminished rapidly after 1971. - A model showing past
and projected PCBs content in product and wastewaters from the industry is pre-
sented and discussed.. Estimated costs (worst-case basis) for wastewater treat-
ment to achieve one ppb PCBs in effluents from the industry are developed;
results indicate a 3 to 5 percent product cost increase will result from such
treatment̂ -

17. Key Vords and Document Analysis. 17o. Descriptors

Polychlorinated Biphenyls, PCBs, Paper Recycling, Paper, Pulp and Paper Industry.

I7b. Identifiera/Open-Endcd Terms

17c. COSATI Fie Id /Group

1ft. Availability Statement 19.. Security Class (Thia
Report)

UNCLASSIFIED
20. Security Class (Thia

Pace
UNr.l.ASSlPlFn

Price

FORM NTIS.M (Rev. 10-jti ENDORSED r»Y ANSI AND UNKSCO. THIS FORM MAY UK REPRODUCED



REVIEW NOTICE

This report has been reviewed by the Office of Toxic Substances, EPA

and approved for publication. Approval does not signify that the contents

necessarily reflect the views and policies of the Environmental Protection

Agency, nor does mention of trade names or catmercial products constitute

endorsement or recommendation for use.



ABSTRACT

The sources, distribution, and losses of PCBs in the U.S. pulp and paper
industry are discussed in detail. The major source of PCBs to the industry is
recycled carbonless copy paper manufactured from 1957 to 1971, but the amounts
of PCBs from this source diminished rapidly after 1971. A model showing past
and projected PCBs content in product and wastewaters frcm the industry is pre-
sented and discussed. Estimated costs (worst-case basis) for wastewater treat-
ment to achieve one ppb PCBs in effluents from the industry are developed;
results indicate a 3 to 5 percent product cost increase will result from such
treatment.
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APPENDIX I

AND PMNT TRIPS

1-1.0 OBJECTIVES OF INDUSTRY INTERVIEWS AND DISCUSSIONS

From previous efforts under Task I of Contract 68-01-3259 , it was
apparent that tine data available concerning PCBs in the paper industry were
sparse at best, and that extensive efforts would be required to gather suffi-
cient information for the model development and interpretation. Hie gathering
of such information was the major objective of all industry contacts during
this work; early in the program industry was made aware of tine purpose of and
our approach to the work. Subsequent response and cooperation by the industry
were uniformly excellent.

Specific areas covered during tine interviews and discussions included:

1) The level of awareness of the PCB problem within the industry;

2) Analytical data (on PCB levels in products and effluents) which
might be available or which might be obtained and made available

B>

at a later date;

3) The possibilities and practicalities which bear on treatment of
r""n effluents, or on internal water reuse and purification
systems;

4) Present trends in treatment technology as the mills prepare for
adherence to the 1977 and 1983 effluent quality criteria;

5) The standard practices of sampling and analysis which generate
the data base of PCB levels in the plants;

6) The similarities and differences found between production mills
operating under m-i-rent- bounds of raw material, energy, labor
and treatment costs; and '

7) PCBs transport within the plants.
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1-2.0 MEETINGS WITH TRADE ASSOCIATIONS

1-2.1 Meeting with API

'- - In mLd-Ouly, 1976, a meeting was held in Washington, D. C, with
representatives of the American Paper Institute (API)-, the Boxboard Research
and Development Association (BRDA) , the National Council of the Paper Industry
for Air and Stream Improvement (NCASI) , senior staff members from several API
nrmher companies, and the EPA Office of Solid Waste Management Programs
- (OSWMP) .-• The approach to the program, and particularly the PCBs-industry
model, 4tas out! ined and discussed in detail. Cooperation and needed informa-
tion were solicited, and plans for the provision of available or anticipated
data were made. All areas noted under Section 1-1.0 were covered.

*

1-2.2 Msetii-g with Institute of Paper Chemistry (IPO

On August 6, 1976 a meeting was held with staff members of the
IPC in Appleton, Wisconsin. John C. Wbllwage, Vice President-Research; Dr.
H. S. Dugal, Director, Industrial and Environmental Systems Division; Dwight
B. Easty, Group Leader, Analytical Chemistry, Division of Natural Materials

• f

and Systems; Mr. George Dubey; and Mr. Peter Parker (all of IPC) took part in
the

At that tine the IPC was performing an in-house study aimed at
development of an improved procedure for PCB analysis in pulp and paper mill
matrices. They had. attacked the question of PCB partitioning in mill flows and
found PCBs to be substantive to fiber, associating most notably with the small
particulate constituents (fines) of the pulp/water system. White water high
in fines content is routinely rer̂ cled in order that as much of tiae fiber as
possible eventually beccne products since fines have a desirable effect on the
qualities of opacity and surface smoothness. Eoononical use of the raw fiber
requires a minimization of the f-tnag loss. Such a procedure appears to pre-
ferentially associate the major portion of any PCBs with the paper product.

It was also agreed that the PCB concentration, in the waste sludge
might reasonably be assumed to be at the same concentration as in the product.

O
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In other words, if the PCB levels in paper product is in the low parts per

mi 11 ion range, PCB levels in the sludge will also be in this range. Die

limited sludge data obtained supports this contention, and at the same time
shows paper mill sludges to be comparable to municipal treatment plant sieges
in PCB content (ranging up to 23 ppm) * '.

The majority of PCBs introduced to papermaking as part of the
wastepaper input were believed by the IPC personnel to be still enclosed in
the gelatin-gum arabic microballoons. The ndcrobal loons (10 - 20 microns in

diameter) are known to be substantive to fiber. They release their PCB load
for analysis upon treatment with alcoholic KOH solution. It was not known

what fraction of the incoming capsules may break open, nor whether the pulping

and refining steps may cause breakage, but it was suspected that relatively
few of the microballoons would rupture during the papemiaking process.

In addition, it was decided that PCBs in intact capsules would
not participate in evaporation as "free" or "wild" PCBs may be able to do.

Mass balances done by IPC on some paper mills have given an indication of a
possibility of evaporative losses, but not in large amounts, nor in amounts

which would jeopardize the overall conclusions or credibility of the model
presented in Section 5.0 of this report.

During the analytical methodology work by IPC, small amounts of

PCB used to spike solutions showed significant evaporative losses. This has
resulted in a strong reocinnendation for the minimization of sample transfers

and handling in analysis for PCBs.

Present analytical capabilities at IPC show detection limits for
paper to be 0.1 ppm PCB and for solutions to be 0.1 ppb PCB. Both call for a
trained operator conversant with and practiced in routine PCB analysis.

Interferences on the chromatogram appear to be removed in good
part by oxidation of the sample with chronium trioxide. These interferences
seemed to be peculiar to the types of matrices found in pulp and paper proc-
esses. Attempts to siiiplify PCB analysis by perchlorination of all PCBs to
decachlorobiphenyl were found to give unsuitable results. This treatment

1-3



appeared to have converted sane non-PCB canpanents of carbonless copy paper
into a form which could be incorrectly identified as_PCBs.

- - - ' Other aspects of the problem and of the IPC program were dis-
cussed in- detail. Many of these are discussed or referenced elsewhere in this
report.' : The results of this meeting served to solidify the approach to the
moo>I and the selection of parametric values to be used in exercising the model.

1-3.0 PLANT VISITS

- Seven paper mi ILs were visited during the program; four of these .
utilized between 50 and 100 percent recycled material* The others either were
companies known to be very much aware of tine PCBs problem and using some
recycled fibre or mm a using- only virgin fiber. Short sunnari.es of the trip
reports for these plants are included below. As will be noted, some plants are
not named in these surcnaries.

1-3.1 Plant A - 100 Percent Recycled Raw Material

General P^crip*"* ran

O

Plant A employs approximately 300 people and has a Ec-urdrinier,
two cylinder Tnachines and a Printer Tinter. One raw material used is waste-
-paper which has been, sorted, graded, baled and marked by organized paper stock
dealers throughout the Midwest. The most important grades used are reclaimed
corrugated containers, mixed paper, newspaper and clippings trinrned from box
shops and converting plants. Much of the stock is picked up in large cities
by conpany trucks as return loads after delivery of the finished board. This
re-use of secondary fibre eliminates a large amount of paper tonnage being
sent to larvwn or incinerated. In 1971 '85,000 tons of wastepaper were re-
claimed through this plant. __

The hajgir; product manufactured frcm the wastepaper is paperboard.
This product is used for core stock, tube stock, wrapper, carton, paper box,
book bindings, and globe stock.

o
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Pulping, Cleaning and Refining

The first step in converting paper stock to pulp is called
hydration; machines called hydropulpers are used. These are large tubs with a
rotating disc in which the dry paper is mixed with warm or hot water. Chemicals
may be added to aid in the dissolving process and to destroy any bacteria which
may be present. Most of these machines operate on a continuous process. As
soon as the fibers are dissolved fine enough to be extracted through 1/8" holes
they are screened off.

The various cleaning and refining processes which follow pulping
are typically a spin-off to remove light particles of foreign material, and
settling to remove heavy dirt. In addition, there are several systems of
mechanical screening to remove coarse or undefibered bundles and dirt. Not the
least important is a treatment of high pressure - high temperature steam fol-
lowed by a refining process for the purpose of breaking down foreign material s
like pitch, wax, or asphalt which may be found in the wastepaper.

After the paper stock is cleaned and defibered, it is stared as a
liquid suspension in large chests. Before going to the paper machine the stock
is again, refined or "brushed out" in machines called Jordans or Refiners, mixed
to an exacting consistency with water and screened one last time.

Pap3 •'•making

Plant A employs both Pourdriner and cylinder-type paper machines.
The latter employ xylinders covered with fine mesh wire to extract pulp from
the slurry stock onto the surface. The materia.1 is then deposited in thin
layers (one frcm each cylinder) to fcom the wet web. After all the cylinders
have deposited their contribution of fibers, the wet web of paper is pressed
to remove excessive water. Each pair of press rolls gradually increases the
pressure until the wet web is dry enough and strong enough to support its own
weight when it leaves the press section.

The Fourdrinier machine employs a long wire belt for formation

of the wet web. Paper stock is fed onto the moving wire through a sluice frcm
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a headbox, and, in contrast with a cylinder machine, tine web is node up as a
contiguous- single layer. Over a relatively short distance enough water drains
through the wire by gravity and by passing over suction boxes that the mat can
leave the wire and pass onto a felt where pressing begins.

- - All machines employ a long section of many steam heated cylindri-
cal dryers. As the sheet leaves tine wet end after all possible moisture has
been removed by mechanical pressing, tine remaining excess moisture must be
removed by -evaporation. The sheet of paper passes over all of these dryers
which eventually produces a dry sheet to customer specifications.

- The last step in the actual paper manufacturing is calendering
or pressing for tine purpose of obtaining a uniform finish and thickness. Also
at this station it is py^M** to apply surface sizing or other forms of coat-
ing or stain.

After passing through the calenders the paper is wound onto
reels to be rewound and trinroed to meet size orders. If the customer wants his
paper in flat sheets, it is run directly from tine paper machine through a
sheeter. In either case, when the paper is fjnjafrgd it is banded, wrapped,
i afraid, and weî ied.

A gnrvgf-an-Hai ao-Ount of tine total production of Plant A is sent
to a converting plant for further processing. Most of this processing consists
of slitting wide rolls into narrow widths to be used for winding into cores
and tubes. This plant also performs cutting from rolls into sheets, precision
triruning of sheets, and laminating.

1-3.2 Plant B - 90 Percent Recycled Raw Material

General

O

This plant is a major manufacturer of tissue items, producing
800 tons of facial tissue, toilet paper, napkins and paper towels per day.
Approximately 90 percent of the raw material required is supplier! by waste
paper, which is a slightly higher percentage than roost other tissue mills.
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Plant personnel supplied a' report on PCBs generated by them in

1975. The concern for effluent water quality dates back to the establishment

of a primary treatment system in conjunction with the start-up of a linking

process in the 1930's. The secondary treatment system was put into operation
several years ago, prior to the regulations governing suspended solids. A
tertiary process is in the development stage at tine present time. PCB measure-

ments were begun in-house during 1975. Data on PCBs content of products prior
to 1975 have been obtained and are reported elsewhere.

Characterization of Raw Material

Although most of the raw material for this plant is wastepaper,
less than 50 percent of this is classed as post-consumer waste; in other words,

most of the returning paper stock has never been previously recycled. Office
wastepapers of the ledger grades are removed from tine incoming stock, but a
quantitative screening of ail returning paper stock is impossible from an

economic standpoint. As shown by industry data and the modeling effort in this

report, even a few sheets of the carbonless copy paper can have an observable
affect on PCB concentrations in a single day's output.

Office wastes in general do not make a desirable paper stock,

since many office paper products contain binders, colorants or other minerals
that are difficult to remove and cause problems in the papermaking process.
These wastes are purchased by the mill primarily to assist their paper dealers.
They do become more important during periods of short paper stock supply.

Effluent PCB Levels

PCB concentrations in clarified mill intake water were less than

0.1 ppb. Measurements of deinking, mill and combined effluents were reported
to range from 0.3 to 2.7 ppb.

In-Plant Vaporization Estimate

The plant has performed a water m^gg balance on its paper
machines. An average of 570 gal. per ton of product was lost. Assuming the
production of 800 tons per day and a water concentration of PCBs (excluding
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PCBs bound to fines and assumed not to evaporate) of. 0.1 ppb, evaporative losses
would'be- 0.00038 pounds of PCB per day or less than 0.15 Ibs/year. This is
'probably an undetectable logg if direct mĝ P1 Trymenri was attempted.

1-3.3 Plant C - 80 Percent Recycled Raw Materi al

Pulping is a batch process at this plant. Wastepaper, accounting
for about 80 percent of tine raw material , is added to pulpers #3 and #4 to-
gether with hot water and caustic soda. Steam jets raise tine temperature to
about- 185 °F and deinking continues for about 1.5 hours. After deinking, the
stock from both pulpers are dumped together yielding a stock slurry of about
7 percent consistency. From here tine stock is passed through a one inch bar
screen that removes large contaminants such as string and rags. The pulp is
now pumped to a holding chest.

- Manually operated valves determine tine quantity of stock dis-
charged from tine holding chests through two 1/B-indh. screens. The accepts here
have a cemoantratim of about 4.5 percent, and rejects from the screens are
trucked to a landfill. Accepts are stored in another holding tank. (_ __ )

Upon leaving this tank, the stock is dilnted to about 0.7 per-
cent solids and run through centrifugal cleaning to remove fine contaminants.
Accepted stock is now directed to a screen with 0.010 inch slots. Accepted
stock from this screen pumped to two slope washers that have counter-stock flow
of water. These washers are arranged in series with the second one increasing
tine stock consistency (solids concentration) to about 5 percent.

At this point tine stock is punped to two washers "sat up in
paral lei. The washed stock, with a consistency of about 2 percent solids, is
pumped to a storage tank until the chlorination tank is ready for a new batch.
Water for the washers comes from the slope washers.

During chlorination, chlorine gas is pumped into a tank holding
the stock and allowed arproyiTna+-«aiy five minutes retention to react. The stock
batch is then pumped towards a vacuum washer. However, before it is washed,
sodium hydroxide is â ê  which reacts with any residual chlorine to form
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sodium hypcchlorite to augment tine biê crilhg' process; the ̂ nai pH is 9. The
bleached stock is sent to retention tanks.

The stock pulp is sent to a vacuum washer to remove maT-/-r-iaig
made soluble by chlorination. This wash water originates frcm the paper machine
water supply, the white water. The filtrate frcm tine washing process is pumped
to tine slope washers which conditions the new batch for chlorination by reclaim-
ing -the chemicals and also reduces tine amount of water used. The stock pulp
now has a consistency of about 5.5 percent. Upon leaving tine washers, tine
stock pulp is pumped to high density storage tanks to await tine papezmaking
operation.

This mill also has a separate pulping system for virgin pulp and
pulp substitute. However, both virgin and substitute pulp are blended with
the wastepaper stock pulp. Here, chemicals are added to develop better fiber
bonding strength.

From tine storage tanks the stock pulp is diluted to about a 0.3
percent consistency and pumped to the headbox. Prior to entering the headbox,
the pulp is rewashed, rescreened and run through a three stage centrifugal
cleaning system. Much of the water used in papermaking is recycled. Excess
white water is stored to be utilized in various operations in the mill.

The sheet is pulled through on a felt belt and dried. The speed
that it is pulled through regulates the strength of the product. Thickness is
governed by this speed and by slicing tine sheet off tine belt with a doctor
blade. Several plies are tinen rolled together to produce a paper of desired
specifications.

Water Source and Effluent Treatment

Plant C uses municipal water which is believed to be relatively
low in PCBs. The intake volume is about 1.5 million gallons per day.

The discharges from Plant C enter a wet well frcm which the
wastewater is screened and sent to a company-operated treatment plant.
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Treatment consists of primary clarification and a two-stage activated sludge
system. -The treatment plant effluent is discharged to the Fox River (mid-
stream) .

1-3.4 Plant D - 50 Percent Recycled Raw Material

Plant D is a major recycling operation. Six grades of wastepaper
(e.g., office and f oodboard) are tine major constituents of the raw materials
utilized to produce acceptable deinked pulp stock. This accounts for approxi-
mately 50 percent of tine required pulp with the remaining being composed of
purchased virgin pulp and pulp substitute. There are essentially two pulping
systems- - one for wastepaper and deinking and the other for the virgin and
substitute pulp.

/•.

Pulping and Fiber Recovery

Here, wastepaper is mechanically broken down with hot water
(about 190°F), caustic soda, surfactants and deinking chemicals by means of a
ribbed rotor at the bottom of the hydrapulper. Much of tine heavy waste such
as metallic objects and plastic sheets are collected in traps at the bottom of
the pulper. At this point, the pulp stock has about a 6 percent consistency
(consistency being the percent solids to liquid).

Ote deinked pulp leaves the hydrapulper through perforated plates
and is pumped to blending chests for additional retention time and agitation.
The pulp now has about a 2.5 percent consistency. Upon leaving the chests, the
pulp is passed over a filter that recovers the cooking liquor in the filtrate.
The filtrate is reused in the pulper to recover the heat and residual chemicals.
Excess washer water is reused for other operation dilutions. Water is exten-
sibly recycled in the deinking operation.

The pulp is now sent to centrifflers, which are .centrifugal
cleaning devices for removal of pins, staples, and other heavy particles. The
accepted pulp has a 2 percent consistency arid it is sent to a centrisorter
pressure screen. Accepted stock from the pressure screen gees on to washing
while rejects are passed through a deflaker and then across a screen for
further fiber recovery.
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The pulp then enters a four-stage counter-flow washing system.

The first stage consists of 2 cylinder washers, the second and third stages
consist of sidehill washers, and the fourth is another cylinder washer. The

cleanest water is used for dilution at tine fourth stage and tine filtrate is

fed to the preceeding (third) stage. This filtrate is then used in the second

stage and its filtrate in tine first stage, where the filtrate is discharged to

waste treatment. The water in the washing process originates from tine dis-

charge of the paper machine water, white water, and tine acid and alkaline
bleaching water.

Following washing, the stock is bleached with chlorine, followed

by treatment with caustic and then hypochlorite. The next treatment is a
three-stage pressure screen system. Accepted stock pulp from the first stage

pressure screen then goes to a five-stage centrifugal cleaner system for
removal of small heavy contaminants such as ink. Those fibers rejected are
replaced in the centrlfugation scheme to concentrate the contaminants and

unacceptable pulp, and to reel aim as much of tine shunted acceptable pulp as
possible. Following this is a four-stage system of centrifugal reverse
cleaners for removal of lightweight contaminants such as plastic fibers and
adhesives. After the cleaning system the stock gees to tine final washer for
thickening and storage in high-density towers. The water removed by tine
thickening process is reused in other washings and in the bleachery.

The above description for secondary pulp supplies 50 percent of
the ntftfwiai g required to meet the current demand of Plant D. The remainder is

composed of purchased virgin pulp and pulp substitute. Both are warehoused in
solid' form and repulped in their respective hydrapulper, using recycled paper
machine white water, fhig pulp is then pumped to storage chests until needed.
Fran here, the pulp is sent to refiners for fiber shortening and fibrillation

to enhance greater bonding capacity.

From the refiners tine pulp is discharged into a pipeline that

contains the secondary pulp for blending of tine types. After sufficient time
to ensure homogeneity, components such as clay, titanium dioxide and alum, to
name a few, are added to the stock pulp as it moves to tine paper machine.
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. — •• o
... _. . . . . - . Stock taken frcm tine high density storage tanks is diluted and.- . . : •„• .
parked to the papermaking 'system. Here the stock volume is controlled to ._•
insure- a constant head level. By operating under a known head, the texture -of .
tine pulp sheet falling on the Fourdrinier remains tine same. throughout. tine : - . : .
operation.

-.. . The endless mesh belt of the Fourdrinier effectively drains
enough water. from the pulp slurry to permit the fibers -to make a sheet
tine wet web. Much water is recycled during, papermaking operations. Since
this water, is falling from the bleached product, the pulp imparts a white color
on the water and hence is ran*** white water. Because water is continually ...
being added here, there is an excess overflew. This surplus water Is stored .
and used to supplement the water diluting the deinked stock. Several hundred
thousand gallons of water escape each day due to evaporation while the paper
is being pressed and dried. When the pulp leaves the headbox, it is 99 per-
cent water; after passing through the presses, it is about 60 percent water,
and after the driers, only about 5 percent moisture remains. This is the per-
cent moisture of the rolled product.

Intake Water and Wastewater Treatment

Since the product color and composition is highly important, the
water used throughout tine operations necessarily should not contain any sus-
pended contaminants that are able to be removed. Therefore, tinis mill has a
treatment facility for intake water, utilizing flocculation with alum and lime,
addition of algacide, and filtration. The filter is composed of the following:
top layer - 8 inches of coal; mi.̂ Te- layer - 2 feet of sand; bottom layer - 2
feet of crushed stone. • : • • ; - . . •

; ....... Currently, *M.s mill only has primary treatment, a clarifier.
The present system has about 90 percent SS removal but only about 25-30 percent
rpp reduction. The effluent rrtm this cî ifi0'''* is being discharged to the
Fox River. The average flew for 1975 was 3.9 MGD. This volume can be broken
down as follows: .
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2.5 MGD from deinking
.9 MGD from papermaking

.3 MGD frcm water plant

.2 MGD disposal plant and misc.

Under construction now at Plant D is a 2-stage activated sludge

system. Preliminary investigations on this type of treatment facility for pulp
and paper wastewater discharges indicates that this system is very effective

at further reducing tine SS levels and greatly reducing effluent BOD.

Clg"n f ier sludge contains 10 percent solids and is further con-
solidated in compaction tanks to a 12 percent solids level. The sludge is

furthered dewatered to 28 percent solids by lime adrJif.ion and subsequent
vacuum filtering. The filtrate is returned to tine primary clarifier.and tine

dewatered sludge is trucked to their private landf i 1 1 .

1 1 Operations

The oompany has opened a new l̂ n̂ fill which covers about 18 acres.

Preliminary geologic Investigations revealed a solid bedrock foundation. The
area is encompassed by a man-made compacted clay dike, effectively eliminating

any surface runoff from the landfill.

Concern for groundwater contamination resulted in the construction

of nonitoring wells. There appears to be two layers of groundwater separated

by a clay table. When completely filled, the landfill win be slightly dome

shaped with a 2 degree slope.

1-3.5 Plant E - Less Than 50 Percent Recycled Raw Material

General Description

Plant E is basically self-contained, i.e. , it produces in-house
nearly 50 percent of their fiber requirement by cheini-nvechanical treatment on

hardwoods. The remaining 50 percent is composed of purchased bleached kraft

pulp frcm Canada and other U. S. sites and such items as foodboard, cups, and
IBM cards. No carbonless paper is ur.11i7.ed. Production is between 300 and 400
tons per day.
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Product PCB levels frcm Plant E have consistently remained below
5 ppm proscribed by FDA. Effluent levels of PCBs are also apparently lower .
than most of- tine industry vising reclaimed fiber, probably because of efficient
removal of suspended solids in the waste treatment systems.

Pulping

-"-" - - -Plant E '•'gpq rfuarfH -tflagftaric^l pulping, virgin pulp from purchased
bleached kraft-pulp, and secondary pulp from wastepaper. Each operation occurs
in a specific pulper and the stock is blended later according .to product speci-
fications. The virgin pulp slurry is generated by only adding hot water while
tine secondary pulp requires hot water plus caustic soda plus hypochlorite bleach-
ing powder. Both, virgin and secondary stock pulp are not stored but directly

A

miaed with the <±erai-mecnanical pulp stream. Plant E is a continuous operation,
and all grades of pulp are being used simultaneously but only that from the

system, is allowed a detention.

Blending of pulp grades occurs in machine chests, each having a
different percentage of the grades depending on the eventual product. It is
just prior to these chests that other additives such as clay and other fillers f J
are added to provide the required paper characteristics.

Each pulp stream is passed through similar machines, with all
machines having an â ri-î -j/ipai coating step. The stock pulp enters frjy* Fourdriner
to produce tine wet web, approximately 19 percent of tine water content is voided
here (in other words tine web's consistency increases frcm 0.5 to about 20 per-
cent) .- The wet web is then drawn through a series of presses to further remove
tine water. -The majority of the remaining moisture is removed by drawing tine
sheet through a series of dryers. Final moisture is about four percent.

* * Following tine drying operation, the sheet is passed through
rollers to smooth it and produce a uniform, thickness. It is then rolled,
trimmed, cut and warehoused. Sane cut rolls are sent directly to a specification
cutting section for high-demand dimension, consumer products (a sizeable fraction
of the total production is used for telephone books).

O
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Waste Treatment

This plant utilizes two waste facilities; a fluidized bed incin-
eration for spent liquor in the pulp mill operation, and a wastewater treatment
plant for water used in the papermaking process plus excess wash water and
associated solids frcm the pulp mill.

The dnemi-mechanical pulp mill effluent with a 6 percent solids
content is sent to an evaporator where -the solids content is increased to about
45 percent. The liquor, now a syrup, is placed in the incinerator operating at
approximately 1300°F, and the remaining moisture is flashed off allowing the
organics to be volatilized. At the bottom of the unit, air jets keep the ash
in motion (fluidized) . Therefore, pulp mill activity is a closed system with
no effluent, and the excess ash is trucked to a

Wastewater currently receives only primary treatment in two
• »

parallel clarifiers, but removal of approximately 96-98 percent of the sus-
pended solids is adnieved with 40 - 50 percent BOD removal. A new secondary
treatment system will begin operations in the near future. Overflows frcm the
clarifiers will be combined and discharged to the secondary treatment reactor,
which is a closed, oxygenated, three-segment tank. Effluent from the reactor
is then sent to a settling tank and after a determined retention time the
supernatant 1 iquid is discharged to the Fox Fiver. The new system is designed
to handle 6.5 mgd with a three hour retention. The mill has recently reduced
its water requirement from 8 mgd to 6.8 mgd in preparation for the secondary
system.

The sludge will be removed with some of it reused as seed in the
oxygenated reactor tank while most of it will be dewatered to about 22 percent
solids by a vacuum filter. This waste sludge is presently deposited on a land-
fill. There is no monitoring for groundwater contamination at this time.

Management is currently camunicating with other mills that may
be able to use their sludge as it contains a high fiber concentration that can
be used for other paper products.
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: -̂. 1-3.6 Crown ZeJigrtv*rfi Research Laboratory and Camas .M-m y—v

.---.. _.-•".. •-.-• =„ -_-._ A meeting with Dr. Herman R. Amberg, Dizector of Ehvircnmental

'- - - Services for Crown Zellerbach and members of his staff was held on June 29, ''
-1976, at tine Central Research Division in Camas, Washington. Crown Zellerbach

- has a number of mi 11 a which range from total use of virgin fiber to complete
- dependence on secondary fiber. Since »*j^<- chemical analyses are done at tine
~ Central Research location, it was felt that tine question of analytical
- -accuracy- could be de-emphasized and relative dlfferences_in PCB concentrations

'-- - •" "-- -- cz analytical detection limits for PCBs in paper were routinely
1 ppm and are apparently dropping under continued attention to details of the
analysis. Some data had been taken as far back as 1971. A number of important
points were discussed;

• »

1) No measurable PCBs had been found in virgin wood.

2) Exhaustive sampling and analysis hal failed to identify

any PCB generation during tine pulp bleaching stages. -~

3) Process chemicals were surveyed to identify any sources

of PCB and none were found.

4) Data would be made available through API.

- A tour of the Camas Mill, which makes specialty papers, was taken.

***"'« m-m used virgin pulp, a small amount of purchased pulp, sawdust and wood

chips frcm surrounding sawmills as its raw material . Inputs of PCB were there-

fore limited to that occurring in tine intake water.

1-3.7 Weypyri-fl-ser Company

On June 25, 1976, Dave Morris and Ted Ross of the Weyerhauser
Corporate Engineering Department at Tacona, Washington mat with a Versar rep-
resentative. Mr. Ross had previously been involved with EPA contract work
which related to effluent guidelines for tine pulp and paper industry and both
were following PCs-related matters.
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Weyerhauser's papermaking pperations are based on a 100 percent
virgin fiber raw material. As a result, it was believed that this mill would
only encounter PCBs that were associated with the intake water, or as a result
of internal. PCB uses in transformers or capacitors. Contingency spill plans
were set up in every mill; transformers containing PCBs were tW«*A and
monitored for any signs of leakage.
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1.0 EXECUTIVE SUMMARY

1.1 Historical Background

Hi 1966, Soren Jensen reported the presence of PCBs (polychlorinated
biphenyls) in Swedish fish and wildlife as a result of a study begun in 1964.
The Food and Drug Administration began, in 1967, a program to develop analytical
techniques for PCBs. During this period concern about PCBs in food and in the
environment of the United States was increasing. Tn 1969, FDA alerted its
Districts to expect PCBs in food samples, and to analyze for PCBs in foods
sampled for pesticide analysis. Findings of PCBs in fish, milk, eggs, and
poultry samples occurred throughout 1969 and 1970.

In August, 1971, a significant level of PCBs was found in a grain and
cereal composite of a Market Basket sample by FDA in their Total Diet Studies,
and the contamination was traced to the greyboard packaging of a cereal. According
to FDA (supporting data for Press Briefing by Dr. C. C. Edwards, September 29, 197D,
the highest PCBs level found in greybeard was 433 ppm. FDA met separately with
the American Paper Institute and with food manufacturers in September, 1971 to
inform them of the PCBs problem in foodboard and to discuss approaches to its
solution.

By the end of September, 1971, all concerned parties appear to have
agreed that the major source of greyboard contamination was recycled carbonless
copy paper which was known to contain PCBs. Production of this material had
ceased as of June 1, 1971, but recycling was continuing. In the same time frame,
Monsanto Industrial Chemicals Co., essentially the sole U.S. producer of PCBs,
announced cessation of sales for all but closed electrical systems (capacitors
and transformers) applications.

On July 6, 1973, the FDA issued its final rule-making document on
tolerance levels of PCBs in various foods and paper food-packaging material (10
ppm for paper food-packaging). By this time the paper industry had succeeded in
reducing PCB levels in food-packaging materials made wholly or partially from
recycled fiber to well below the FDA tolerance limit. This appears to have been
acccnt>3 i shed through more judicious selection of recycled fiber for foodboard
manufacture, including:



il] ftaagafctm of use of cutting scrap from office fonn production
-~ Cwhere carbonless copy paper content could be. very high! 7 and

(2) Limitation or selectivity in the use of office waste .for . _

- Levels of PCBs in foodboard have generally continued jto decline since
1973 to a current level of less than one ppm, except for occasional "hot spots"
resulting in levels of up to five ppm. These "hot spots" are generally attributed
-to the inclusion of significant quantities of outdated office files containing
carbonless copy paper. PCB levels in other paper products are also in the one
ppm or below range; those made from virgin pulp, of course, exhibit by far the
lowest PCB levels.

i4
A

1.2 Carhonlesa Copy Paper

Aroclor 1242, a mixture of PCBs containing an average of 42 per cent
was pTFr^|acaAr^ r/Tjn Monsanto and n-y*? in carbonless copy paper as an

ink. carrier or solvent during the period 1957-1971. The total amount used for
this purpose was 44,162,000 pounds, approximately 28 per cent of the total
estimated Monsanto sales for plasticizer applications and 6.3 per cent of
Monsanto domestic sales of PCBs during 1957-1971. The average content of Aroclor
1242 in the carbonless copy paper was 3.4 per cent.

The National Cash Register Company (NCR) was the developer and sole
marketer of the PCB-containing carbonless paper, although Appleton Coated Paper
Co., Appleton, Wisconsin; Mead Corp., Dayton, Ohio; Combined Paper Mills,
Combined locks, Wisconsin; and Nekoosa-Edwards Paper Co., Port Edwards, Wisconsin,
at one time or other performed *-.he actual production under license from NCR.

The Aroclor 1242 was used as a solvent for certain color reactants which
were encapsulated into microspheres producing aggregates 10-20 microns in diameter
and applied to one side of the paper during the coating process. The walls of the
rrp ( • i nj»pfro.yiact may»a gjj a 1 r3ofry3<a~haTTJeg'y3(j gelatin—gum afrahfr* fOOBjlation Which rUpLUTSd

and released tine dye under application of local high pressures as from pens or
pencils. In 1971 al_<yl-bdphenyls were used as the dye carrier in place of
Aroclor 1242.

O
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It should be noted here that PCBs, primarily Aroclor 1254, were used
to a limited extent in printing inks. The total usage in thi*? application is
estimated at 50,000 pounds, primarily in the 1968-71 time frame. No other actual
or potential usage of PCBs in paper product or usage besides the copy paper and
these inks has been definitely identified to date.

1.3 PCBs in Paper Mill Effluents

It has been recognized for several years that effluents from paper mill a
contain environmental 1 y significant quantities of PCBs. The PCBs in these waste-
water streams are generally more similar to Aroclor 1242 than to any of the other
Aroclors or to PCBs found in the general environment and biota (which tend to
exhibit chrcmatographic fingerprints corresponding to higher chlorine contents
than 1242). Thus, although introduction of PCBs into paper-making processes
through process water usage undoubtedly occurs (PCB levels at water intakes of
paper mills average about 0.1 ppb), the major source of process contamination by
PCBs appears to be carbonless copy paper contained in recycled wastepaper.

A xnsnber of paper mills, in response to tine need for improvement of water
quality, have installed or are now install ing waste treatment processes which are
expected to greatly reduce the PCB levels in their effluents. However, these
levels may still be typically above the one ppb level proposed by EPA on July 23,
19.76 as an effluent standard for capacitor and transformer manufacturers, and the
quantities of wastewater from paper mi n a are generally much larger than from such
equipment manufacture. In addition, sludges or concentrates frcm paper mill
water treatment may be sufficiently high in PCBs as to warrant concern about pro-

per disposal. "*

The magnitude of the PCB control problem is illustrated ty the existence
of 230 paper mil la producing pulp completely derived from recycled wastepaper and
550 other facilities utilizing some fraction of secondary fiber in their pulp
production (typically 10 to 15 per cent). Recycled wastepaper amounts to
about 13 million tons per year as a pulp source, third in importance to pulpwopd
and forest product wastes.
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~ - On-site measurements and laboratory experiments have shown the PCB to
be substantive to fiber; that is, preferentially associated with the fibers rather
than the water- in which, they are carried. Highest PCB concentrations in fiber
slurries ayc> 'a«i<arvia'H3<̂  with the smallest fiber particles, the "fines" , Economical

uri1iy.ari.nni of the fiber requires it to be exhaustively recycled in attempts to
associate it with tine paper being manufactured. Fines control porosity, surface
finish and affect brightness of the product. Discharge of PCB from a typical
mill thus appears to be primarily by way of the suspended solids. Removal of

PCB removal, and a fyy>a-f rî -rat-j ar\ of the high surface

to volume ratio of the smaller particles shows why they are the ones that need
to be ranoved for a low PCB effluent.

A continued trend of increased water recycling is exhibited by the
industry, for the purpose of minimizing external, treatment costs as well as re-
covering chemicals, heat and raw material from process streams. This has culminated
in the design and construction of a totally process-effluent free bleached kraft
pulping mill in Canada. Only non-contact cooling water will be discharged.
New end-of-pipe treatment systems, such as the Zurn-Attisholz 2-stage activated
sludge system installed by Wisconsin Tissue Mills, offer premise of significant
reductions in BOD and g"gperx3ed solids/PCBs. Cost estimate? for 0̂ 7̂ '"" abgr)rp*'ir>ri
treatment (end-of-pipe) range from $886 to $1227 per pound of PCB removed.

Sane data exists to shew net removal of PCB frcm an intake water as
evidenced by a lower concentration in the effluent. The paper-making process in
such a case is withdrawing the PCBs Iran the environment and stabilizing them in
the much less mobile paper phase. Of course, numerous routes whereby these PCBs
can become remobilized (in air or water) are avail able.

- It is believed that essentially all of the Aroclor 1242 used in carbon-
less copy paper has been released to the environment (assuming negligible degrada-
tion) . At the present time more than half can be attributed to landfills and the
remainder dissipated. In a sense, these PCBs were mohi lifted upon the initial
production of the. paper, and their passage through paper mills merely resulted in
partition between the accepting media (water, air, solid wastes, products) .



2.0 PROCESS TECHNOLOGY OF THE Pllp''̂ 1 PAPER JQ-DUSTRY
f

2.1 Background

Pulp and paper manufacturing consists of two distinct processes.
Pulping is the reduction of whole wood or waste paper into a semi-liquid
fibrous mass, while papermaking consists of forming discrete fibers into paper
sheet or paperboard. There can also be ancillary operations which provide
special features such as coloring, coating and backing.

The processes require four basic raw materials: fiber, water, energy
and chemicals. In contrast to the earliest mills, newer mills may be located
some distance frcm their fiber source, especially in the case of recycling-
oriented mills where proximity to fiber means an urban center rather than a
forest. The water requirement is definitely being reduced in magnitude as
recycling methods are being developed within the industry. The recycling has
the benefit of assisting in meeting more stringent discharge criteria as well
as recovering chemicals frcm process waters and meeting energy needs by re-
covering energy from organic wastes.

The wood used in pulp and paper manufacturing is ra'V'**3 pulpwood. It
can be either hardwood from deciduous broad leaf trees, or softwood Iran con-
iferous or needlebearing trees. This categorization reflects the proportion of
cellulose to lignin (the substance which holds the fibers together). The supply
arrives at the pulping facility as logs, chips made from roundwood, as sawdust,
slab or chip residues frcm saw mills.

In traditional logging practice, the central portion of the tree was
utilized in the pulping mill requiring a removal of the bark frcm the log.
Mech=*nical debarking or hydraulic means are used with the bark often collected
and burned as an energy source.

2.2 General Pulping Techniques

Regardless of the type of process involved, the .basic objective of
pulping is to reduce the wood to non-woody fibrous materials by rupturing the
bonds between the fibers of wood. This task entails either cooking the pulp-
wood (using suitable chemicals) in a digester under controlled conditions of
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time, temperature, and pressure or reducing the wood̂ to fibers by mechanical
or semi chemical means. :_• • - (j

2.2.1 Mechanical Pulping _̂:_̂ _. _._ . _

... . .. Mechanical pulping, sometimes called "the groundwood process,"
operates fay mechanical means, generally using either a large grindstone or a
machine pallet a-"refiner1*. The present methods of manufacture do not differ in
principle from, that of 1867, though the size, capacity and form of the grinders
have .undergone much change. In all equipment the logs of wood are pressed against
tine face, of a rapidly revolving grindstone in such a way that the length of the
log is parallel- to the shaft holding the stone. In the older grinders, logs two
feet long were placed by hand in pockets attached to the grinder frame, and were

A*

forced against the. stone by pressure plates operated hydraulically . Usually there
were three pockets on each stone so that one could be opened, filled with wood,
and put back into operation without shutting down the entire grinder.

Modern grinder installations are very different in appearance
from these old ones, and operate much more efficiently. Continuous magazine
grinders have been developed, in which the logs are fed into the grinder on one
floor and dropped down through the magazine to the pockets of the grinder on the
floor below. Such grinders are usually installed in pairs driven by a motor which
may rate as high as 4000 horse power and have a turning speed frcm 3,500 to 5,000
rpja.

The increasingly popular disk mill method uses a refiner to shred
and grind groundwood chips between counter-rotating metal shearing disks. Refiner-
ground wood, which usually has longer fibers, is preferred over stoneground wood
since it yields a stranger paper.

Both types of mechanical pulpers are generally used in an inte-
grated papermaking facility, in which the resultant fiber is thickened by removal
of water and stored as slush pulp rather than being formed into flat sheets for
sale as market pulp. Characteristically, groundwood pulping requires high power -
over 32,000 kw to operate a 500 ton per day groundwood mill.
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Unlike chemical pulping, groundwood pulping entails considerable
fiber damage. It produces a relatively weak paper that discolors easily on
exposure to light. On the other hand, groundwood processes have the advantage
of converting about 95 percent of the dry weight of wood into pulp, compared to
about 50 percent for chemical processes. The strength problem may be overcome
by adding long-fibered chemical pulp to groundwood pulp between the pulping and
papermaking stages.

Groundwood pulp constitutes 70 to 80 percent of newsprint by
weight. Groundwood plants are principally located in t>naria and the southern
U.S., where the supply of softwood and electricity is ample.

2.2.2 Chemical Pulping
t

Chemical pulping is the process of cooking wood with suitable
chemical reagents to dissolve and degrade the lignin, the cementing material

• »•

between the wood fibers, and allow the fibers to-be easily separated. The
diversity of pulping processes is increasing in response to the availability of
improved technology, the need to improve productivity, and the requirement to

curb pollution. Currently, two major chemical techniques and one semichemical
technique of widespread coimercial importance are employed.

The most significant chemical processes are the sulfate or kraft
process, the acid sulfite process, and the neutral sulfite process. In the kraft
and the acid sulfite processes, the debarked and chipped wood is loaded into a
large metal digester along with the appropriate chemicals in an aqueous solution.
Heat is applied and cooking is continued, usually at high temperatures and pres-
sures, until the desired degree of del i gnification and purification is obtained.
Cooking transforms lignin, some carbohydrates, resins, and mineral matter into
soluble compounds that can be removed by washing. For most pulp grades, over 95
percent of the lignin is eliminated. Because the cooking liquid also attacks and
removes some desirable hemieellulose and cellulose from the wood, relatively poor
yields are inherent in chemical pulping.

The type of process and products involved determines the necessary
cooking conditions. The important variables are the size and physical properties
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-of-the chips, -tine llqvinr composition .,and concentration, .and the time, pressure,
and tenperature of cooking. The liquor concentration is the most important
variable since it affects the reaction rate and cooking time; a large initial
concentration increases the reaction rate but decreases. the yield since the
stronger liqnor removes or weakens more of the desirable cellulosic
Fran an economic standpoint, the most important variables in cooking are the
chemical composition and the thermal energy requirement. The industry is con-
centrating on iirprovtid methods of recovering and recycling the chemicals and
of reducing energy inputs.

. - - The acid, sulfite process, discovered in 1874 and well established
auniHrcia.'lly by 1890, remained the most important chemical process until it was
overtaken by the kraft process in 1937. Here, the cooking liquor is made at the
mill by burning sulfur in air to form sulfur dioxide and reacting the gas with
limestone to produce a cooking acid of the desired composition and concentration.

For years the only base used was inexpensive calcium, but sodium,
magnesium, and ammonia-based sulfite liquors have come into use recently,
especially in Scandinavia and North America, for various reasons; reduced cooking
time, easier recovery of cooking chemicals, reduced stream pollution, more market-̂ ~*s
able by-products, fewer required screenings subsequent to cooking, and greater —̂ ̂
brightness. However, the soluble bases other- than calcium cost four to five times
more per ton of pulp and their advantages in yield, reduced cooking time, and
improved pulp quality alone, without the possibility of spent liquor recovery and
before the advent of stringent pollution' controls, would not have warranted in-
dustry use.

Since the spent liquor in the calciunHsased process is uneconomical
to recover and presents a major water pollution control profem, most plants will

the process unless an eooTŷ i0 !̂ way can be found to recover' or dispose of
the spent liquor. Spent liquor has been variously used, e.g. , as a road binder or
in the manufacture of yeast, vanilla, alcohol, fertilizers, insecticides, tanning
agents, and inks. It can also be burned in concentrated form to produce power and
steam; the heat value of the dried sulfite waste is about ta*>-thirds that of
industrial coal, but much, of the energy produced must be used to evaporate and con-

O
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centrate. the liquor in preparation for burning. Even <-Ma "limited recovery is
likely to becone more attractive as energy prices rise.

Despite such efforts to find alternative uses for the spent
liquor, most mills have continued to dispose of it as a waste product. Recent
water pollution control requirements might alter this trend.

The kraft (sometimes called the sulfate) process is now pre-
dominantly used in pulping. The name "sulfate" (derived from the sodium sulfate
used as the make-up chemical in the chemical recovery process) is misleading since
the active cooking agents are mostly sodium hydroxide and sulfide.

As in the sulfite process, wood in chip form is cooked in large
steel digesters in the presence of a cooking liquor and under conditions of

*
elevated temperatures and pressures. The cooked chips are then defiberized in a
blow tank and screened as necessary before washing and bleaching. The prepared
pulp may be either pressed and dried into flat sheets for sale or shipment to
another facility or retained in a slurry form for use at an adjoining paper or
paperboard plant.

The kraft process has various advantages: it can be used on al-
most any species or quality of wood; its cooking times are short; it entails no
pitch problems; recovery of the spent liquor is relatively easy; and it yields' •
valuable by-products. The pulp produced has great strength and can be bleached
to high levels of brightness. The efficient chemical recovery system is especially
advantageous and economical since the sodium hydroxide used in the kraft process
is a very effective but relatively expensive chemical.

The principal disadvantages of the process are its high capital
costs, high cost of bleaching, and discharge of several highly malodorous waste
gases -(e.g., hydrogen sulfide). Regulations requiring controlled discharge are
thus significantly affecting the economics of the kraft process. Electrostatic
precipitators and scrubbers are being used to reduce odor by precipitating dust
particles to which the odor producing particles cling. Unfortunately, since the
wastewater from these cleaning operations cannot be used for pulp washing be-
cause the odor is imparted to the pulp, this deodorizing method merely substitutes
a liquid waste problem for a gaseous one.
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2.2.3 i6**5*7?*rjynyjî g'j Pulping

. . -_; _ Semichemical pulping, which combines mechanical and chemical-
pulping features, chemically treats the wood to achieve partial softening and -
then uses mechanical refining to complete the fiber!zation. Semichemical pulp-
ing offers several advantages over both chemical and groundwood processes. The
yield is from 65 to 90 percent of the weight of the wood because only part of
the lignin and hemicellulose is removed. This is considerably better than the
straight chemical process. The chemical pretreatment reduces the amount of
pngtar,necesĝ ry for the subsequent myt̂ ^̂ T̂ reduction, increases the average
fiber length, and enables the process to be used effectively with hardwoods.
In addition, qipge geroche"" c* 1 pulping uses fewer chemicals than the pure
rfyĝ jrai processes aryj npfjiinga a lower capital investment, it lends itself to
use in smaller plants. One drawback is that senuchemical pulping only works
well for hardwood and is not used for softwood species.

The two most important types of semichemical pulping are the
neutral sulfite »*nirh«ff*.<7al and the cold caustic processes. The more widely
used neutral sulfite process treats the wood with a solution of sodium sulfite
which, during cooking, is buffered to about pH 7 with a buffering agent such as
sodium hi carbonate. The physical characteristics of the neutral sulfite process
pulp make it particularly well suited for use as a corrugating medium. The
neutral solution produces a pulp with high yield, about 65-80 percent, strength,
and brightness without offensive odors.

The cold caustic process, which employs caustic soda (sodium
hydroxide) to produce coarse pulps for corrugating and seme finer pulps for
printing papers, is particularly useful with high density hardwoods that cannot
be used 'in the groundwood process. Efficient use of chemicals and reduction of
the mechanical energy required for subseqent refining make this process lower
in operating costs than either groundwood or other semichemical processes. The
pulps produced are inferior to kraft pulps in physical properties but stronger
than or equal to groundwood pulps made from softwoods.

Chemical recovery in seroJchgn'Tc* 1 mills, unlike in the kraft
system, can use a number of chemical processes. For the semichemical process
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using caustic soda, a recovery procesi "similar to that used to recover sodium

hydroxide in the Rraft process may be used. Most of the remaining techniques

involve either oombustion of cross-recovery (using the kraft mill recovery

system).

2.2.4 Secondary Fiber Pulping

Secondary fiber, derived frcm wastepaper, is a. principal source

of pulp for some papermaking facilities around the large metropolitan areas.

Secondary fiber accounts for about 20% of the fiber used for pulp today. Al-
though the rising cost of fiber will undoubtedly induce the industry to increase
use of secondary fiber (especially recycled paper, the highest-quality waste-

paper used for making pulp today), such increases may be less than is popularly

anticipated. Rising energy costs, the difficulty of separating wastepaper from
other trash, and the lack of captive supplies may limit the growth in use of

wastepaper as a fiber source. Mills that use wastepaper generally have little

control over their secondary fiber supply, although firms are increasingly
seeking long-term wastepaper supply arrangements.

2.2.5 Dissolving and Special Pulps

Variations of the basic sulfate and sulfite processes which
produce pulps for paper and paperboard are used to produce a special type of

pulp called dissolving pulp. This segment of the pulp industry has become so
specialized that it operates much as a separate industry. Tb generate dis-

solving pulp, pulps produced by kraft or sulfite processes are chemically
purified to ratove gli semi-cellulose and to extract pure cellulose. The pure
cellulose is then used as a raw material to produce rayon, cellophane, and cel-
lulose derivatives used in such diverse products as explosives, detergents,
lacquer, food product thickeners, hand lotions, and automobile accessories.
Dissolving pulp is also used to make glassine paper (the paper that forms the
clear window in window envelopes). Dissolving pulp facilities are frequently
located adjacent to kraft and sulfite mills so that the pulp can be delivered
in slush fona without drying.
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2.3 EPA Classification of yiT»g by Pulping Method : : r ____ _ _ __

- . - - It is at the pulping stage that the process schemes allow for dif- . /"""N
ferentiation between plants. In ccropliance with certain sections of FWPCA. of
1972, EPA has established the following sub-categories of pulp, paper and paper-
board operations for the purpose of establishing effluent guidelines:*

Table 2-1 EPA M*TI Classification

1. Bleached Kraft: Dissolving Pulp
2. Bleached Kraft: Market Pulp
3. Bleached Kraft: Fine Papers
4. Bleached Kraft: B.C.T. Papers
5. Papergrade Sulfite
6. Papergrade Sulfite Market Pulp
7. low Alpha Dissolving Sulfite Pulp
8. High. Alpha Dissolving Sulfite Pulp
a. Soda
10. Groundwccd: Chemi-mechanical (CMP)
U. Groundwood: fr̂ rrnr>-p¥3cfta:n re? 1 (TMP)
12. Groundwood: Fine Papers
13. Groundwood: C.M.N. Papers
14. Deink
15. Non-Integrated Fine Papers
16. Non-Integrated Tissue Papers'
17. Non-Integrated Tissue Papers (fwp)

-EPA defines each class of mill as follows:

1. BTRarprer) KRRFT: DISSOLVING PULP means that prciuction of a highly
pulp by a "full cook11 process utilizing a highly alkaline «r»fo.Tn hydroxide and
sodium sulfide cooking liquor. Included in the manufacturing process is a "pre-
cook" operation termed prehydrolysis. The principal product made by mi 1 1 a in
this subcategory is a highly bleached and pi-ri f fort dissolving pulp which is used
principally for tine manufacture of rayon and other products requiring the
absence of lignin and a very high alpha cellulose content.

* Reference No. 1; further industry and process descriptions, including waste-
water characterization, can also be found in this and associated references. /"""%
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2. RT.FACHED KRRFT; MARKET PULP means, the production of bleached pulp by a "full

cook" process utilizing a highly alkaline sodium hydroxide, and sodium sulfide

cooking liquor, included in this subcategory are mills producing papergrade

market pulp as the only product.

3. RTPArmm KRAFT; FINE PAPERS means the production by integrated pulp and paper
by a "full cook" process utilizing a highly alkaline sodium hydroxide and sodium
sulfide cooking liquor. The principal products made by mi n a in this subcategory

are fine papers which include business, writing, and printing papers.

4. RTrarTTFn KRAFT: B.C.T. PAPERS means the production by integrated pulp and
paper mills of bleached pulp and paper by a "full cook" process utilizing a highly

alkaline sodium hydroxide and sodium sulfide cooking liquor. The principal
products made by mills in this subcategory are papers of low filler content

inclining paperboard (B). , coarse papers (C) , and tissue papers (T) .

5. PAPERGRADE SULFITE means the production fay integrated pulp and paper mills of

pulp and paper, usually bleached, by a "full cook" process using an acidic cooking

liquor of bisulfites of calcium, magnesium, ammonia, or sodium containing an excess

of free sulfur dioxide. The principal products made by mills in this subcategory
are tissue and fine papers.

6. PAPERGRADE SULFITE MARKET PULP means the production of pulp, usually bleached,
by a "full cook" process using an acidic cooking liquor of sulfite of calcium,
magnesium, ammonia, or sodium containing an excess of free sulfur dioxide. The
principal product made by mi 11 s in this subcategory is papergrade market pulp.

7. LOW ALPHA DISSOLVING SULFITE PULP means the production of highly bleached, and
purified pulp by a "full cook" process using very strong solutions of bisulfites
of calcium, magnesium, ammonia, or sodim containing an excess,- of free sulfur dioxide.
The pulp produced by mills in this subcategory are viscose, nitration, or cellophane
grades and are used principally for the manufacture of rayon and other products

requiring the virtual absence of lignin.

8. HIGH ALPHA DISSOLVING SULFITE PULP means the production of highly bleached and
purified pulp by a "full cook" process using very strong solutions of bisulfites of
calcium, magnesium, ammonia, or sodium containing an excess of free sulfur dioxide.
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prQp produced by mill a in fhi-s subcategory is principally acetate grade.and
the principal-uses are for the manufacture of rayon and other products requiring
the. virtual absence of lignin. -. -

— 9. ' SODA means the production by integrated pulp and paper mills of bleached pulp
and paper by a "full cook." process utilizing a highly alkaline sodium hydroxide
cooking liquor. The principal products made by mills in this subcategory are
printing, writing, and business papers. . _

10. GBQUNDWCOD: (-SEMI-MECHANICAL means the production by integratê  pulp and paper
mills of pulp and paper, with or without brightening, utilizing a chemical cooking '
liquor to partially cook the wood followed by mechanical defibration by refining
at atmospheric pressure. The principal products made by miiiq in t-Ma subcategory
are fine papers, newsprint, and molded fiber products.

11. GROUNDWOOD: TBEFMO-MfcXZHANICAL means the production by integrated pulp and paper
mills of pulp and paper, with or without brightening, by a brief cook utilizing
steam, with, or without the ar̂ tticn of cooking chemicals such as sodium sulfite,
followed by mechanical defibration by refiners which are under pressure. The
principal products made by m-iiia in this subcategory are fine papers, newsprint,
coarse papers, and Hssne products.

12. GRDUNDWCOD; FINE PAPERS means the production by integrated pulp and paper mills
of pulp and paper, with or without brightening, utilizing only mechanical defibra-
tion by either stone grinders or refiners. The principal products made by mills
in this subcategory are fine papers which include business, writing, and printing
papers.

13. GROUNDWDOD; C.M.N. PAPERS means the prodnction. by integrated pulp and paper
mill a of pulp and paper, with or without brightening, utilizing only mechanical
defibration by either stone grinders or refiners. The principal products made by
mill a in this subcategory are papers of low filler content including coarse
papers (O , molded fiber products (M), and newsprint (N).

O
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14. DETMK means the production of pulp and paper usually brightened or bleached
frcm recycled waste papers in which an alkaline treatment is used to remove
contaminants such as ink and coating pigments. The principal products made by
mills in this subcategory are printing, writing and business papers, tissue papers,

and newsprint. •

15. NON-INIH5KVTEP FINE PAPER means the manufacture of fine papers by non-
integrated mills frcm wood pulp or deinked pulp prepared at another site. The
principal papers made by mills in this subcategory are printing, writing, business,
and technical papers.

16. NON̂ -INTEGRfiTTTt TISSUE PAPER means the manufacture of tissue papers by non-
integrated mills from wood pulp or deinked pulp prepared at another site. The
principal products made by milt a in this subcategory are facial and toilet papers,
glassine, paper diapers, and paper towels.

17. NCN-INTEGRATFT) TISSUE PAPERS (FRCM WASTE PAPER) means the manufacture of
tissue papers by non-integrated mi 1 1 a from recycled waste papers (fwp) . The
principal products made by mills in this subcategory are facial and toilet papers,
glassine, paper diapers, and paper towels.

The effluent limitations and standards for the above subcategories are
based upon on-site manufacture of all of the pulp (including deinking of waste
paper) used tc produce the final products (i.e. , no supplementary fiber source
such as purchased pulp or waste paper was included in the determination of the
effluent limitations or standards) . The exception to this is the Groundwood:
CMN Papers and Groundwood: Fine Papers subcategories which were based upon ground-
wood mills manufacturing papers from pulp produced on-site and from purchased
pulp used as supplementary fiber. ' ' Of particular interest from the standpoint
of PCBs and waste paper recycling are categories 14, 15, 16 and 17.

2.4 PappTTnaking Processes

2.4.1 Background

For most paper and paperboard products, the papermaking machine
receives prepared paper stock containing about 199 pounds of water for every pound
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of dry material, passes it through a series of operations to form it into a
continuous web and to remove the excess water, presses the wet sheet to remove
still more water and to make the sheet still more dense, dries it over heated
driers and finally reels it up into large rolls. This change from stock con-
taining almost ten tons of water per 100 pounds of dry matter to a sheet of
paper which seldom contains over 5 pounds of water in 100 pounds of dry paper
takes place in just a few minutes according to the speed of the machine. A
schematic of the overall process is shown in Figure 2-1.

Although many mechanical variations and improvements have been
made over tine years, only two basic types of paper machines, the fourdrinier
and the cylinder, are used today. Both were invented over a century ago. These
machines differ significantly in. the method of forming the fiber web.

^

The fiber stock is subjected to a series of refining and clean-
ing stages prior to its introduction to the paper machine. These stages are
chosen to produce the desired fiber characteristics to meet the product's needs.
The fiber stock is mechanically refined in heaters or continuous refiners to
fray or "brush" the individual fibers. Trie frayed fibers will have a tendency
to mat together and the degree of matting will produce the required strength in
the final paper. In fine papers where a compact, tight mat is required the
stock may also be pumped through a fordan which will cut the fibers to the re-
quired length with a timitva^ amount of brushing.

2.4.2 Fourdrinier Paper Machine Process

In the fourdrinier, the refined stock is pumped to a headbox
which controls the amount of stock flowing to the paper inachine "wire" and thus
maintains the paper at the desired consistency. The carefully diluted stock
(~ Q.5% solids) is then spread evenly on the "wire" (a woven brass or bronze
cloth, the mesh of which differs in type and size of opening according to the
paper being made) to form the paper. Water drains through the wire, and is
squeezed from below to assist in the drainage. The transfer of the sheet to
presses is accomplished with a suction pick-up roll. The sheet leaves the "wet-
end" of the machine at a consistency of 35 to 40% solids and is passed through
heated, hollow iron or steel dnsn dryer rolls in the dry end. Because of its
higher output speed and greater versatility the fourdrinier is more ocunon than
the cylinder. - -
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Figure 2-1 gives a schematic process flow diagram for the

fourdrinier paper machine. Of special interest is the recycling loop of both
water and fiber from the fourdrinier section back to the rich white water tank,
saveall and filtered white water tank. This stream is the major inplant carrier
of fines-related PCBs, and is shown to be repeatedly passed through the fourdrinier
to incorporate as much of the fiber and fines load as possible in the product
paper.

2.4.3 Cylinder Paper Machine Process

In the cylinder machine, the headbox and wire found in the four-
drinier are replaced by a wire-covered cylinder mold which is partial ly immersed
in the prepared stock.

s
The principle of the cylinder machine differs from that of the

fourdrinier in several respects. Instead of the sheet being formed on to endless
belt of woven wire through which the water drains, leaving the fibrous stock on
its surface, the cylinder mold revolves while partially immersed in a vat of the
dilute stock and the; sheet is foimed on the surface of the wire-covered mold.
This is aecoiipl i.shed by maintaining the water level within the cylinder lower
than that outside so that the water drains into the cylinder leaving the stock
on its surface. The web of paper formed by the revolving cylinder is removed off
the top of the cylinder by a felt. Usually a cylinder machine consists of several
cylinder molds and vats supplied with stock entirely independeltly, and as the
felt passes over each cylinder in turn it picks up the sheet from each, thus
making a sheet of multiple layers. This makes it possible to form sheets with
surface layers differing from those within the sheet, either in color, kind or
fiber or both.

The same basic flow process is associated with cylinder machine

as the fourdrinier shown in Figure 2-1; however, as mentioned above, the final

product may be multi-layered, requiring a parallel stock flow through each

cylinder machine.
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2.5 Paper Industry; Size and Distribution

2.5.1 Water Usage

Census Bureau data shows that Paper and Allied Products had a
1973 water intake of 2,415 bin*"" gallons. Gross water usage was estimated
to be 8,126 billion gallons. The ratio gross/intake shows how much water re-
use is occurring. The historical trend is shown on Table 2-2.

Table 2-2
Water Usage -in Paper and Allied Products Industries

Gross Water Intake Water
Year (binion gal) (bitTing gal) Gross/Intake

1973 8127 * 2415 3.36

1968 6522 2252 2.89

1964 5491 2064 2.66

1959 5046 1937 2.60

1954 4242 1786 2.38

Between 1954 and 1973 water intake increased by 35%. In the
same period, total paper and paperboard production rose 106%. The trend to

/*)

internal water recycling is well documented and continuing. A report by Rapson1

describes the processes to be used at the bleached kraft mill of Great Lakes
Paper Co., Ltd. at Thunder Bay, Ontario. This mill will start up in late 1976
and will recycle virtually all of its water, emitting only low temperature heat
in uncontaminated cooling water. Projections indicate this to be at a lower
cost than use of external treatment. One major reason will be the conservation
of heat in ti«; counter current washing of the bleached pulp.

Allowing for a 5% water loss associated typically with product
moisture, about 2.2 trillion gallons of water was discharged to U.S. waterways
in 1973. Average runoff for the continental U.S. is given by Ttodd as 655
trillion gallons. A simple division indicates that the paper and allied product
discharge is 0.33% of the total continental runoff. Since the discharge is not
evenly distributed over the rivers, the water quality of even large streams can
be strongly affected by the effluent loads from paper mill a,
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2.5.2 Production History

- . . .. There is much potential for confusion in the utilization of
data, from the pulp and paper industry because over the years for which infor-
mation has been retained, new products as well as new-processes have appeared.
As a result, the categorization of the output of the industry is constantly
changing. While the categories are relatively stable over a short. ̂r̂  period,
they have changed noticeably during the long term. The general overall trend
has been one of production increase, underlain with a use of recycled waste
paper which has varied with world economic and political conditions. Table 2-3
shows the information on piyx!hic*'ir''n and secondary •Fifr**** usage
Bureau of Census, American Paper Institute and other sources for the 1957-1974
period.

According trr'the last column of Table 2-3, the rate of recycling
has remained virtually constant at about 20% since 1968. Even with the emphasis
on re-use and conservation of natural resources, little change can be seen.

(4)Lingla states that paper constitutes 31% by weight of municipal solid wastes
going to disposal. Of that paper, 29% is corrugated containers, newspapers and
printing papers are each 20%, and packaging and the other categories make up the /"""*N

^-"^balance. Slightly more than half of aTT paper wastes are from residences with
tine rest originating in ucmuerci.al or institutional locations.

Source separation is a basic part of most collection systems
focusing on recycling. Newspaper bundling in residential areas and compacted
corrugated carton collection from commercial establishments are examples of
such source separation schemes. This is required so that a paper mill utilizing
recycled paper in its furnish (raw material) can be assured that the proper
type of fiber is going into its process.

The type of catch-all waste which emanates from offices, govern-
ment and commercial firms is termed "mixed waste" . While it can be utilized by
segments of the paper industry, there exists the chance in this waste stream for
the carbonless copy paper which contains PCBs.

O
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TABIE 2-3

to
V

Year
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
'1972
1973
1974

Paper
(10s tons)

13.6
13.5
15.0
15.4
15.7
16.5
17.3
18.2
19.2
20.7
20.9
22.4
23.6
23.6
23.8
25.4
26.5
26.9

Paperboard
(10« tons)

14.1
14.1
15.5
15.7
16.4
17.5
18.2
19.6
20.8
22.6
22.1
24.5
26.1
25.5

. 26.1
28.5
29.7
27.9

Product Output and Pecycle Rate

Oonstxuction Board
(10* tons)
3.0
3.2
3.5
3.4
3.4
3.4
3.7
3.9
4.1
3.9
3.9
4.3
4.5
4.4
5.1
5.5
.5.7
5.2

Output
Total

(10' tons)
30.7
30.8
34.0
34.5
35.6
37.5
39.2
41.7
44.1
47.1
46.9
51.2
54.2
53.5
55.1
59.5
61.8
59.9

Paper Stock
Recycled
(10s tons)

8.5
8.7
9.4
9.0
9.0
9.1 .
9.6
9.8

10.2
10.6 \
9.9 '
10.2
10.9
10.6
11.0
11.7
12.2
12.1

% Production
Recycled
27.7
28.2
27.6
26.1
25.2
24.3

' 24.5
23.5
23.1 -
22.5
21.1
19.9
20.1
19.8
20.0
19.7
19.7
20.2



3.0 TRANSPORT OF PCBs IN THE PAPER INDUSTRY

3.1 PCB Sources to the Industry . .

3.1.1 Influent Waters __^__

A representative value for PCBs concentration in the intake
waters of paper mill a was deemed necessary for several aspects of the work. This
value, which was A»r-«»rmir>ĝ  to be 0.1 ppb, was derived from several sources as
shown below.

Daring the early months of 1976, EPA instructed its Regional
Offices to conduct a sampling tuoyjLdui aimed at identifying point sources of PCBs
to the environment. This Regional Surveillance Program reported in excess of
2,400 data points. Of these, 106 could be unambiguously categorized as having
acme from a natural body of water. With the elimination of a few samples suspected
of being contaminated, the average value of these "natural water" samples is 2.3
ppb. However, the choice of sampling sites was usually contiguous to a facility
which was already a potential PCB emitter, so that this value is probably more
representative of a high use, industrial ly developed stream rather than an environ-
mental background. The intake PCB concentrations for paper mills might therefore
be expected to be somewhat less than this 2 ppb average. Paper mills faced with
suspended «a->i iAs in their intake water will usually perform a fViari •Fjcgtion clean-
up prior to use. Such treatment would be expected to remove up to 90 per cent of
the PCBs frcm the water (retained on removed particulates).

Dennis ' obtained STORE!" data for PCBs in major U.S. drainage
basins and showed a range of median values for each basin from ND (not detectable)
to 0.3 ppb in his «-rf«i-rf-<on for 1974.

Data on intake water PCB concentrations from the Institute of
Paper Chemistry for eight Wisconsin paper mills showed three mills reporting un-
detectable levels and the other five reporting an average of 0.2 ppb PCBs.

On the basis of the above considerations, the representative PCBs
level of the water used in paper mills was taken to be 0.1 ppb.

O
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3.1.2 Process Chemicals ' '

Table 3-1 gives a typical listing of some of the major kinds of
chemicals used in pulp and paper making. The amounts used on a per unit ton basis
vary from trace quantities to 280 Ibs. for some pulping liquor constituents.

Both Crown Zellerbach and Institute of Paper Chemistry researchers
have tested process *̂igm*'r«lg for PCBs. None have ever been detected except for
one specialty chemical reported by IPC. A rough calculation shows that to produce
a 2 ppm PCB concentration in a product which uses 8 Ibs. of trisodium phosphate
per ton of pulp (assuming a complete extraction of PCB by the fiber), 2 grams of
PCB would have to come-in with the detergent. Its concentration in the detergent
would be 5500 ppm, easily detected. Even an increase of 0.1 ppm in the product
from this source would require a concent-ration of 27.5 ppm in the phosphate.
Present analytical capabilities allow monitoring at 1 ppm and below, so that PCB
inputs from process chemicals would have been easily noticed.

3.1.3 Inks

The National Printing Ink Research Institute at Lehigh University
was contacted for details on present and past usage of PCBs in printing inks. The
major use reported was the NCR encapsulation procedure used in the carbonless copy
paper. A small number of patents do exist for PCB use as part of some inks
sensitive to ultraviolet light. However, they date from the very early seventies
and had not gotten into widely marketed use by the time the PCB use in carbonless
copy paper was stopped. To the best knowledge of NPIRI, none of these inks reached
ociiuiercial production and no ..present day fonnulations utilize PCBs as a constituent.

Subsequent conversation with a representative of the Sun Chemical
Co.* indicated that PCBs were used for several years prior to 1971 in "flexographic"
inks used on flexible packaging. It was estimated that the production of such inks
during 1970 was about 20 mill inn pounds, of which about five per cent of the pro-
duction would have contained PCBs at a two per cent by weight concentration. Thus,
the estimated use of PCBs for this purpose, apparently the maximum, was 20,000
pounds in 1970." The historical trend for this application is not known, but based

*Personal Communication with Mr. William Rusterhaltz, Sun Chemical Co., October, 1976.
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TABIE 3-1

REPRESENTATIVE CHEMICAIS USED IN PULP & PAPEEMAKINS
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on a five-year period of usage and linear growth during that period, it is
estimated that the total usage of PCBs in such inks was about 50,000 Ib.

Ohe above figure is roughly 0.1 per cent of total PCBs usage in
carbonless copy paper. In addition, flexible packaging materials typically were
plastic or contained plastic adhesives which render them unattractive for re-
cycling. Thus, it appears unlikely that the PCBs usage in flexographic printing
inks' has contributed significantly to PCBs inputs to the paper industry.

3.1.4 Recycled Waste Paper

As was indicated in Section 1.0, the major source of PCBs entry
into the paper industry appears to have resulted from the use of Aroclor 1242 in
carbonless copy paper during 1957-71 and subsequent recycling of a fraction of this
product. To seme extent, IKBŝ cxantamination has spread from this source through-
out paper products because of the affinity of paper for PCBs. A summary of avail-
able data on PCBs levels in various types of paper products, by year, is presented
on Table 3-2. The recycling of these products tends to perpetuate the contamination.

3.1.5 Other Potential Uses or Sources of PCBs in Paper Mills

Although paper mills utilize askarel-filled (PCB) transformers and
capacitors, and may have utilized PCB-filled hydraulic or heat transfer systems,
PCB-containing lubricants, paints, etc., it is considered unlikely that such
activities would be causing release of significant quantities of PCBs to either
effluent streams or product streams.

Similarly, it is also considered highly unlikely that PCBs are
produced in the practice of wastewater chlorination in the paper industry. Biphenyl
has not been identified as a waste stream constituent from this industry, although
very small amounts could conceivably enter via recycling of packing materials
(typically for fruit) which have been treated with biphenyl as a fungicide.

3.2 PCS Content of In-Plant Streams and Reservoirs

Data on PCB levels of in-plant process streams are almost completely non-
existent for three apparent reasons. First, at the observed low concentrations,
PCBs have no effect on product quality, so that internal ncnitoring is not required.

-27-



TABUB 3-2

PCB CONTENT OF PAPER AND PAPERBOARD

_ c f ' _

— ' — "" " — - .

1968

Prior to
1970

1971

1372^U^ 1 m*

1973•̂̂  / W

1973
•

1974

1975

1976

-

- _

-

Virgin pulp

Recycled wastepaper
input

Recycled wastepaper
input (1970-1972)

R^cm^l«5 papyri tf"mTt3
Virgin pulp

Par*»Y+Yiarri
**

Virgin newsprint
Recycled newsprint
Virgin bond paper
Recycled bond paper
HI ̂ a/*Ti£vn Irtm^f* rtiii T^

R i/M^ciTf^cl Kmrrfc 1 1 TT^I* HO^TM
Publication paper

Pp<"yr»I*1^ pap^T+oa.'rrl
Recycled U) wastepaper
input

Virgin pulp

Paperboard
Virgin pulp

Paperboard
Cereal liner
OMT**^73'feSd bO9Pfi
Waxed paper
Spec, twist
2jcinQj!i« ^n^3Qis
Bookstock..
Recycled1 wastepaper
input

No, of
Samples

2

13

24

200m*W

2

100•faw W

3
3
7
2
4
1
3

115
5

2

4
6

—-_J

-
-

—
138

PCB Content
<ppro)

.. 0.29

3.2-

- 'LI

'15.3— JbW * W

0.16

0-20W MW

<. 5-1.0
<. 5-1.38
<.5-8.5
113.5-290
<. 5-1.33

<'.S

1.45-2.97
0.37

0.127

0.3-1.2 .
0.072

0.430
0.8
0 2w ••*

0.5
0.2
0.3
1.6
0.15

Reference

6 .

6
-

6
- " -

7*
6

-a
9
9-
9
9
9
9

7
6

10
11

n
6u
n
n
n
u
6

'Discounting known samples of NCR carbonless copy paper.

O

O
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Second, most plants, especially the older ones, are hot planned with specific

capability for sampling in-plant flows, so any sampling done is more by opportunity
than by design. Thirdly, commercial PCB analyses cost from $60 to $100 per sample,
and a sampling program without a clear goal of compliance with regulations or
product improvement is generally considered a poor investment. A PCB analytical
system would require capital costs in the range of $15,000 to $20,000 and annual
expenditures for trained personnel, lab space, and operation of up to $50,000.

3.2.1 PCBs in Deinking and Pulping Process Water

The deinking process water is typically not a recycled stream,
although in many cases it represents a significant fraction of the total water .
usage for a recycling mill. Deinking procedures and conditions depend on the
product qualities desired (white or natural or color, etc.). Although some of
the PCBs associated with recycled paper will probably be stripped from the fibers
during deinking, this should represent only a minor fraction of the total PCB load
of the reclaimed material.

During the pulping process the cellulose fibers are separated, and
this process should also release the PCBs or PCB-containing microballcons held
within the mat. PCBs already released from micmbal loons would then be able to
distribute themselves- between the fibers and the water. Since evaporation and other
' losses of PCBs during pulping should be small, the above appears to be the situa-
tion when the slush pulp enters the paper mill.

3.2.2 Distribution of PCBs in the Papermaking Process

In the papermaking process (see Figure 2-1), roost of the PCBs

entering with the pulp exit with the product. These would include most of the PCBs
in intact microballoons and most of the PCBs associated with fibers. In the drying
and calendaring sections, the vaporization of excess water would be expected to
rrvqicri-in free (not encapsulated) PCBs at or near the surface. This is the major
opportunity for vaporization loss in the process.

In a typical plant, much of the water in the papermaking process
(white water) is recycled as shown in Figure 3-1. White water from the fourdrinier
or cylindrical machines contains dissolved and suspended PCBs. The fibers present
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are relatively small, with high surface area per unit weight, so that the ratio
of PCBs to solids by weight may be as large as or greater than the PCBs content

• of the product. Much of the PCBs in suspended form is added back to the main
process with the short fibers, in order to conserve fiber. The liquid phase from
the "save-all", a separator unit, is filtered to futher remove fiber (which goes
back into the process) and the filtrate is discharged. This clarified save-all
yield can be one of the major caiijjatieh'ts'of'the discharge frcm the plant. "

If we assume a 1 ppm PCB concentration (typical of product PCB levels
using recycled pulp) in the fiber portion of the clarified save-all yield (at
120 mg/1 solids) , the PCB concentration of that flew is 0.12 ppb which is effective-
ly the same as the intake value selected as representative, and near the lower
working limit of present analytical techniques. About 95 per cent of the PCBs
entering the save-all appear to be directly recycled back into the paper on the
PCBs first pass through the white water system. Thus, it appears that most of
the PCBs (and the solids) in the effluents arise from unit processes other than the
save-all.

Since it appears that most of the PCBs in paper mill effluents are
associated with the fiber solids (either encapsulated or adsorbed PCBs) , the
major route of PCBs entry into wastewaters must then be via solids entry. On
Figure 3-1, this occurs primarily in the aqueous discharges from the centrifugal
cleaners, machine screens, and press section. Fiber loss at these points is
sufficient to cause solids levels up to several grams per liter in the raw waste-
water.

3.2.3 Fate of PCB-Containing Microspheres

The haTrten«ar3 ge3atin-gum arable walls of the ink-carrying micro-
balloons used in the NCR carbonless copy paper are considered essentially stable
under conditions typically encountered in the use of secondary fiber. Thus, most
of the microballoons should proceed through the process intact. Most would be
expected to be incorporated into the product, because of the manner in which fiber
is collected in to product (essentially a filtration process) .
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: - Based on the above, the PCBs content of the plant effluent should
consist of those microspheres not retained in the product and a fraction of that
released by breakage (through usage of the paper, during collection and transport
of wastes, and in the recycling and papermaking processes) . The remainder of that
released by breakage could remain on the product, be vaporized, or removed frcm
the stream in various other ways.

This line of reasoning leads to the conclusion that most of the
and wĝ fr̂ p̂ p̂ r is still encapsulated. Discussions with

paper industry representatives have supported this view, especially discussions on
the comparison of analytical results between procedures in which the microballoon
walls have and have not been definitely destroyed. PCB levels resulting from
destruction of the mierosphere walls with alcoholic potassium hydroxide solution

*

are much higher than those obf-airwi using conventional extraction procedures.
However, this could be grossly misleading since the same treatment is necessary to
separate the individual fibers to release for analysis PCBs (in whatever state)
trapped within the mat.

The actual proportion in paper products and effluents of PCBs in
intact microballoons is not known and could be ascertained only with difficulty.
One of the items of future work proposed by the Institute of Paper Chemistry in

(12)a recent report is to determine the amount and effect of PCBs present in pro-
ducts and effluents within intact microballoons.

3.3 PCB Losses from the Pulp and Paper Industry

3.3.1 Wastewater

The PCBs content of microballoons in plant effluents can be
removed by solids removal; similarly, PCBs sorfaed onto suspended solids in the
effluent can likewise be removed. Solubilized PCBs, either in true solution or
present in or on very small particulates, will be very difficult to remove from
effluents.

The partition coefficient for PCBs between cellulose and water is
not expected to be anywhere near as large as those between lipids or carbon (for
example! and water, based on the relatively slight accumulation in woody plants
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and scanty general information available on this subject. Unpublished data

obtained frcm the Institute of Paper Chemistry concerning a series of experiments

in which, one per cent fiber slurries in water were doped with PCBs Cup to 100 ppb),

shaken and allowed to settle, and then filtered and analyzed, indicated partition

coefficients ranging from 800 to 1700. These values are not sufficiently high to

allow removal of dissolved PCBs with suspended solids in mill wastewaters as

described below.

At a partition coefficient for PCBs between cellulose and water

of 500, and a suspended solids content of two gm/liter, about one-half of the

"free" PCBs would be expected to be adsorbed onto the fiber. However, recent
industry experience has indicated that removal of over 90 percent of the suspended

solids from the wastewaters will also remove over 90 percent of the PCBs, with

resulting PCB concentrations in the range of 0.1 ppb to several ppb, well below
the reported solubility level of Aroclor 1242. In the absence of other infor-

mation, this appears to indicate that 'relatively little of the PCBs in the waste-

water is present as dissolved PCBs.

Three alternative explanations for the above appear to be
possible:

(1) The partition coefficient between water and the solids present is
very much greater than a few hundred;

(2) Msst of the PCBs present are encapsulated in microballoons and
are thus removed in this form along with the other solids; or

(3) Organic solids added to or present in wastewater treatment systems
serve to separate the PCBs from the water.

Alternatives (2) and (3), or a combination of these, appear to
be more likely than alternative (1). 3n all paper mill wastewater treatment
systems of which we are aware, polymeric flocculation aids are added in primary

treatment and/or the water is subjected to activated sludge secondary treatment.
It is well-known that biological sludges exhibit a strong affinity for PCBs and,
although the sorptive activity of the polymeric agents for PCB relative to water
(and cellulose) is not known, it may be surmised that these agents are better
scavengers of PCBs than cellulose. However, alternative (2) (most PCBs still ,
encapsulated) remains a strong possibility until proven otherwise.
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...--. .-. . . The PCB levels in raw wastes from, recycling plants vary widely
but are. typically in the range of 10 to 100 ppb* With, current waste treatment
practices, this is reduced to a typical range of less than 0.5 ppb to several ppb,
with, occasional excursions. As a consequence of the recent experience showing PCB
removal oonccmitant with suspended solids removal, compliance with BPCTCA. (1977)
and BATEA (1983) should result in continuation of the downward trend in effluent
PCB levels.

3.3.2 vaporization losses _. ____

3.3.2.1 Losses During Papermaking _. . ____ ..

Available information indicates that there may be
measurable losses of PCB during the removal of moisture from the paper in

machine. This conclusion was reached' on the basis
A

of mass balance studies done on a number of cooperating Wisconsin mills.

We are dealing here with a PCB concentration in a typical
paper of only .1 gram per ton. Since the qualitative assessment of the vapor-
ization loss was that it was a few percent of the PCBs present, the loss will
not pose a health hazard, nor will it have a significant effect on the con-
clusions reached in the model of the industry.

3.3.2.2 losses from Effluent Treatment Ponds

O

A significant amount of the treatment of papermill
effluent occurs in systems open to the atmosphere. Such choices as aerated stabiliza-
tion, basins, ditch aeration, and rotating biological surfaces are designed to provide
a greater supply of atmospheric oxygen to the effluent for the purposes of lowering
BOD. At the same time an opportunity arises for PCBs to exchange across the solid-
liquid and liquid-gas interfaces. No definitive data on these processes for PCB
loss are available, but there may be the possibility of exchange mediated by the
partitioning of the PCBs in the complex systems.

One expects some exchange based on previously pub!i shed
Losses from natural water systems such as Lake Michigan̂

as well as demonstrated losses from 1 per cent pulp fiber/distilled water slurries
descriptions of apparent losses from natural water systems such as Lake Michigan̂  ,

O
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in experiments carried out a,t the Institute.pf, Paper Chemistry, The latter case
showed up to 30 per cent losses from solutions spiked to the 100 ppb concentration.

Quantitative assessment of the evaporative losses from
actual treatment facilities will require application of field sampling techniques
for airborne PCBs which are still in the development stage.

3.3.3 Incineration Losses

Destruction of PCBs by high temperature incineration is generally
regarded as requiring a 2 to 3 second exposure to 2,000°F for "complete" combustion.
Shorter contact times or lower temperatures will not allow complete elimination of
these stable compounds. Specially designed incinerators have been operated by
Monsanto and other finns for the proper decimation of PCB-containing liquid wastes,
but typical municipal and industrial incinerators will not destroy PCBs completely.

3.3.3.1 Bark Burning

In those mills which practice barking, the bark is often
utilized as a hog fuel in mills which generate sufficient bark to use it to fire a
boiler for steam generation. Smaller producers of bark may simply incinerate it
along with unsalvageable fiber frcm other parts of the operation. Like the virgin
wood, bark has a PCB content which is essentially nil and results in an extremely
tiny emission to the atmosphere under these conditions.

3.3.3.2 Sludge, Spent Liquor and Carbon Burning

On an industry-wide basis there has been a drastic decrease
in incineration of these materials. The price of fuel necessary to mix with them
has risen to the point where alternative disposal schemes cost less.

Sludge is dewatered and generally landf i lied. Its PCB

content usually ranges from 4 to 25 ppm, the same range exhibited for municipal
(14treatment plants.

as other PCB wastes.

(14)treatment plants. As such, it should be subject to the same careful handling

Spent liquor of all types is being internally recycled
and refined to reduce the amount of make-up chemical required in the pulping stages.
More and more opportunities are being discovered for converting spent liquors into
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salable by-products or for conversion to other uses inside the plant. These
reasons have led to a great overall reduction of liqnor burning throughout the
industry. . ,

Charcoal burning has been used in a few instances for
the production of carbon. But.the extent is not great and one would expect
volatilization of any PCBs to have taken place prior to such an activity. As in
bark burning, actual measurements of such polaxtial losses are not available.

3.3.4 Solid Process Waste Losses _

The industry exhibits an average process loss of 2 to 5 per cent.
That is, of. the pulp entering the paper machine, 2 to 5 per cent of the fiber by
weight does not get incorporated into the product paper. i*»t« amounts to 40 to
100 pounds-of solids per ton of product that will be incorporated into the sludge.

A

As mentioned in the previous section, the few data for paper mill sludge PCB con-
tent shows it to be in the same range exhibited by municipal treatment plant
sludges. These considerations predict that an average mill with 100 ton daily
production might landfill between 2 and 120 grams of PCBs per day (0.004 - 0.26 Ibs.)

The effective mobility of-PCBs in the landfill situation is not
well described. The EPA Regional Surveillance Program generated 75 samples describ.
as leachates. These were ail samples where ground water was determined to have had
the opportunity to percolate prior to sampling.

Eliminating three samples known to be directly associated with
highly contaminated industrial sites, the average value for the 72 remaining samples
is 2.8 ppb. It is only 2.8 times the 1 ppb detection limit specified in the EPA
40 CRF PT.136 standard, analytical method.

Assuming that landfills are about 40 to 50 per cent paper, neither
the paper or the sludge would appear to be mobilizing large quantities of PCBs.
In fact, the leachate PCB concentration is indistinguishable from that of industrial
intake waters reported by the Regional Surveillance Program and described in
Section 3.1. The binding of the PCBs to the fiber may be similar in stability
and strength to their association with soil or sediment particles. PCB mobility
in sedimsnts is reported to be very low. ' ' ' This is thought to be due to
the availability of organic material with which PCBs preferentially associate.

O
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3.3.5 PCB Concentration iii Fifn'gb̂  Product

Product concentrations are referred to elsewhere. In general,
PCB levels of current products made with recycled fiber range up to one to two
parts per million. This material appears to be almost entirely due to use of
Aroclor 1242 in NCR carbanlesŝ  copy paper prior to the spring of 1971. Levels in _
products _appear to_be_ consistently deer easinĝ  since the 1971-72 time frame.

3.4 Monitoring Technology

The study of PCBs within the pulp and paper industry is naturally based
on the data generated by the analytical procedure. At the present time, just as
in the analysis of natural waters for PCBs, there is no standard method for the
analyses of pulps or effluents which take into account the peculiarities of the

matrices involved. For example5, in the analysis of pulp or paper, it is absolutely
essential to remove the PCBs from the fiber quantitatively so that eventual extraction
into an organic solvent such as hexane may be accomplished. Removal procedures such
as treatment with alcoholic potassium hydroxide have been used. Application of
surfactants such as Triton X-100 is also practical. Having removed the PCBs frcm the
fiber, it is then necessary to make sure that both forms, the free PCB and the
encapsulated PCB from NCR carbonless copy paper, are extracted into the solvent.

There exists a definite problem with storage of samples prior to extrac-
tion and analysis. Apparently, the organic activity of the bacterial population
immobilizes PCBs in slimes deposited on container walls and fiber. An attempt to
control such losses has been to add formaldehyde to the samples, killing all biotic

(18)activity. This has proven successful in lake and stream waters.

EPA researchers recommend that the extraction step be performed on a vortex
mixer in the original container. This is to give the solvent the maximum opportunity
to react with any of the analyte bound to the container walls. It also will assist
in reducing volatilization losses already shown to be potentially large by the

(12)Institute of Paper Chemistry. Similarly, it has been recommended that all
transfers of material during the pre-analysis manipulations be kept to an absolute
minimum.
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"*for3'*"*Png have shown the drastic effects on precision
and accuracy which, the small differences in sample handling and storage can have.
One IPC study showed 3 laboratories reporting 21.5 ppb, 102 ppb and 180 ppb on a

split -effluent sample. But while other samples showed as large percentage
differences, there was no regularity in the laboratories reporting high or low on
a given sample. IPC and others are working in the vicinity of a 0.1 ppb detection
limit in effluent samples. Most of these intercal i brations took place at concentra-
tions far above the detection limits so noise in the' analysis is small compared to
irregularities introduced by storage and handling.

. Quantitation of the chronatogram is a difficult process for the complex,
multi-peaked plots given by PCBs. Paper mill effluents often show interfering
peaks caused by non-PCB ma-bar? gig. Recourse to mass spectroscopy; analysis, is some-
times necessary to separate these interferents. Some removal is accomplished by

**
sample oxidation with. < j'nvmii;̂  •fcrioxide, but many peaks can remain and a qualitative
assessment of the chronatogram by a trained person must be employed. The possibility
of mis-identification is real, but the alternative use of the GC-mass spectrometer
is often too expensive to be considered for routine use.

The continuing decline in PCB concentrations in effluent, sludge and
product will require a continuing improvement in detection limits and sample treat-//'""N\
ment techniques.

A detailed treatment of analytical techniques for PCBs in paper products
and paper mill effluents is presented in Reference (12) .
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4.0 COST DEVELOPMENT OF PCB REMOVAL FROM PAPER RBCSCLING MILL
EFFLUENT STREAMS

4.1 Background

The major apparent cause of PCBs in this industry is the use,
until 1972, of Aroclor 1242 in carbonless copy paper. A significant por-
tion of this paper has gone through at least one recycle resulting in the
PCB contamination of the effluents emanating from these facilities.

Three major types of paper recycling mills currently exist
in the U.S. They are:

(1) Mills producing paper products with deinking process;

(2) Mills producing paperboard from wastepaper; and
(3) Non-integrated mills producing tissue paper from

wastepaper without deinking.

A number of mills in the paper recycling industry are so-called
complex mills, i.e., mills which produce multiple paper grades. The basis
used for classifying complex mills is the product and process which account
for the largest daily production capacity. Table 4-1 summarizes the
distribution and the production of the paper recycling industry in the U.S.

The general process used in the paper recycling industry is
pulping and deinking (only for deink mills), pulp washing, bleaching (not
for paperboard mills), screening and cleaning, and papeimaking. PCBs can
be released from the recycled paper in any or all of the above process
steps. The water usage of a deinking plant is large and can amount to 65
percent of the total usage of the entire mill. Water used in pulp washing
is general ly done in a counterflow system which allows maximum potential for
water reuse. Some characteristics of the effluent streams are shown in
Table 4-2. Data on the PCBs level in the effluent streams for this industry
are discussed in Section 3.3.

Technologies for the removal of PCBs from industrial waste-
waters were evaluated and described in a previous report. ̂^ Carbon
adsorption in conjunction with pretreatment (equalization and multimedia
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Category

1. Deink

2. Paperboard from
wastepaper

3. Non-integrated
tissue papers
from wastepaper
without deinking

TABIE 4-1

SttfffiRY OF DISTRIBUTION AND PRODUCTION
CF THE PAPER FECTCLING INDUSOSY1

No. of
Plants in U.S.

17

165

Not Available9

Annual
U.S. Production
kkg(ton)/yr

1,000,000 (1,100,000)

6,900,000 (7/600,000)

Not Available3

Annual Average
Plant Production

kkg (ton)/yr.

58,800 (64,600)

41,800 (45,900)

11,680 (12,800)2

1Source - EPA reports 440A~76/047-a and 440/1-74/025-a
2Average of 4 plants
3There are a total of 72 non-integrated tissue mills in the U.S. with total
capacity of 6,300 kkg/day (6,900 tons/day). No information was obtained as
to how many plants actually recycle wastepaper
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TABLE 4-2

EFFLUENT CHARACTERISTICS OF THE
PAPER RECYCLING PIANTS1

Category

1. Deink

2. Paperboard from
wastepaper

3. Non-integrated
tissue paper
frcm wastepaper

Effluent Flow Rate [BOD], mg/L [TSS], mg/1

1,000 1/kkg of product (1,000 gal/ton)

range,

average,

range,

average,

range,

average,

55.5 (13.3) - 93.

74.0 (17.8)

5.0 (1.2) - 68.4

30.0 (7.2)

27.9 (6.7) - 79.2

53.6

0 (22.3)

(16.4) ^

(19.2)

40 - 197
92

9-82

46

146 - 411

279

45 - 141

97

40 - 83

164

Not available

Not available

Source - EPA reports 440/1-76/047-a and 440/1-74/025-a.
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tion hasin at an unknown concentration and leave it at 200 ppb, and that filtra
tion will reduce the PCBs level to 50 ppb. Subsequent terminal treatment
systems, i.e., carbnn adsorption will reduce this PCBs ooncentration
to 1 ppb or less. Plants which already have treatment for suspended :
solids and discharge less than 50 ppb of PCBs in their effluent streams
nay install the carbon absorption system only.

4,3 Post References and Rationale

- r The basic assumptions and rationale employed in developing the
wastewater treatment costs in the paper recycling industry for PCB
removal can be summarized as fellows:

(1) Costs are developed for "representative plants" rather
than any actual plant. "Representative plants" are
defined to have a size, age, and wastewater flow
agreed upon by a substantial portion of the manu-
facturers in this category. In the absence of such
information, the arithmetic average of production
size and wastewater flow for all plants is used.
It should be noted that the unit costs to treat
wastes at any given plant may be considerably
' higher or lower than the representative plant
because of individual circunstances. Extra-
polation of these costs to the entire industry
would very likely be unrealistic.

(2) The costs for the end-of-pipe treatment for PCBs
are assumed to be essentially proportional to the
volumetric flow rate of the wastewater. The treat-

(Tg\
ment costs developed in the previous reportv '
for PCS' raa3v^^are~reassenBied arid presented .....
in Figures 4^1 and 4-2.
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(3) Very limited amounts of information are available

from this industry concerning the PCB concentration

in the effluent and the kinds of treatment presently

employed. Therefore, the estimated total annual

cost -for PCB wastewater treatment of a representative

plant is based on the "worst case" conditions. It

was assumed that "representative plants" employed no

terminal treatment for PCBs removal and practiced no

segregation of wastewaters containing PCBs from other

in-process use waters.

(4) Costs are developed separately for the pretreatment
(equalization arid mul-timedi a filtration) and the

carbon adsorption treatment of PCBs.

(5) The capital cost is based on 8 percent interest over

a period of ten years. If the supply of waste paper
with substantial PCB content stops before the ten-

year period is up, the capital recovery cost will

increase substantially.

4.4 Cost Development

Three major categories are identified within the paper-
recycling industry (see Section 4.1). The costs of wastewater treatment
are developed for each individual category. Costs for pretreatment and

carbon adsorption for each category are shown in Tables 4r3 through

4.5. - The capital costs, operating and maintenance costs (excluding

power), and powar costs are taken.directly from Figures 4-1.and 4-2 . ̂
at given wastewater flow rates. Throughout the analysis represented by

Tables 4-3_ thr̂ gh\4-5j_annual capital recovery costs were .calculated
based upon a ten-year lifetime and an 8 percent interest rate, consistent

(19)with the earlier reference/ The capital recovery factor was thus
estimated to be 0.15. All cost estimates contained in this report are
based on 1976 dollars.
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4-3

r

COST ANALYSIS FOR A REPRESENTATIVE PUNT

CATEGORY: Deink Paper Manufacture
PIANT SIZE: 58,800 Metric tons of product/year

FLOW: 8,210 1/min (2,170 GPM)

type of Cost

Invested Capital Costs:

Tbtal
Annual Capital Recovery

Operating and Maintenance Costs:

Annual O&M (excluding power
and energy)

Annual Energy and Power

Tbtal Annual Costs

Costv̂ fetric Ton of Product

Treatment Costa, Dollars

Pretreatment

4,600,000
690,000

78,000

terminal Treatment via Tbtal
Carbon Adsorption Treatment system

860,000*
129,000

250,000

5,460,000
819,000

328,000

58,000

826,000

$14.11

17,000

396,000

$6.78

75,000

1,222,000

$20.89

*Actual costing on a specific mill showed that this amount could be raised by 275% in an
individual case.
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'TABLE 4-4

COST ANALYSIS FOR A REPRESENTATIVE PLANT

CATEGORY: Paperboard from Wastapaper

PLANT SIZE: 41,800 Metric tons of product/year

FLOW: 2400 1/min (630 GPM)

Type of Cost

Invested Capital Costs:

Tbtal

Annual Capital Recovery

Operating and Maintenance Costs:

Annual O&M (excluding power
and energy)

Annual Energy and Power

Tbtal Annual Costs

Cost/Matric Ton of Product

Treatment Costs, Dollars

Terminal Treatment via
Pretreatment

1,500,000

225,000

32,000

16,000

273,000

$6.50

Carbon Adsorption

260,000

39,000

100,000

5,000

144,000

$3.43

Tbtal
Treatment System

1,760,000.

264,000

132,000

21,000

417,000

$9.93



TABLE 4*

(DOST ANALYSIS FOR A REPRESENTATIVE PLANT

CATEGORY: Non-integrated Tissue Paper from Nastepaper
PIANT SIZE: 11,680 Metric tons of product/year

FLOW: 1,200 1/ndn (310 GPM)

Type of Cost

Invested Capital Costs:

Tbtal
Annual Capital Recovery

Operating and Maintenance Costs:

Annual O&M (excluding power
and energy)

Annual Energy and Power

Tbtal Annual Costs

Cost/Metric Ton of Product

Treatment Costa, Dollars

pretreatment

860,000

129,000

19,000

8,000

156,000

$13.36

Terminal Treatment via
Carbon Adsorption

_.

140,000
21,000

60,000

2,600

. 83,600

$7.16

Total
Treatment System

1,000,000
150,000

79,000

10,600

239,600

$20.52
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A sunmary of cost estimates for PCB removal at different in-
put PCB levels is given in Table 4-6T" A sumnary of total capital invest-
ment cost information for PCBs from paper recycling mill effluent is given

-"in Table 4-7." iBasedliiponjthe information̂ contained in this table, this

industry, as a \Aiole, would have to invest up to an estimated maximum of

$366,700,000 to achieve a PCB limitation of 1 ppb in their wastewaters.
There is also an anticipated $94,120,000 of annual treatment cost for the
removal'of PCBŝ frgujhis inrftistry. Table" 4-8 "is a summary of ~'the~treat--~ ~
ment cost of PCB removal. The estimated annual treatment costs correspond

to a three to five percent increase in the selling prices of products frcm

this industry.

Depending on the amount of pretreatovent required to decrease
the suspended solids to a point where fouling of the charcoal beds could be

avoided, costs could escalate, severely. Such, would be the case for effluents

from deinking operations where fines loading can be heavy and particle sizes
quite small.
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T_-HLE

SCMMARY OF ESTIMATED CARBCN^ADSORPTICN
TREATMENT COST AT DIFFERENT INPUT PCB LEVELS

O

[PCBl Input
..(ppb)

50

40

30

20

10

5

Estimated Annual Carbon Adsorption Costs
$/kg of PCB Removed ($/lb)

Deink

1,870(850)

2,350(1,070)

3,160(1,430)

4,820(2,190)

10,200(4,620)

22,900(10,400)

2,330(1,060)

2,930(1,330)

3,940(1,800)

6,020(2,730)

12,700(5,770)

28,600(13,000)

Tissue

2,730(1,240)

3,430(1,560)

4,610(2,090)

7,030(3,190)

14,800(6,740)

33,400(15,200)

O
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T3ABLE 4—7

SUMMARY OF CAPITAL INVESTMENT OF PCB
REMOVAL FRCM PAPER RECYCLING INDUSTRY

Deink

Paperboard from
wastepaper

Non-integrated
tissue paper from
wastepaper without
deink

Total

Pretreatment

78,200,000

247,500,000

17,200,000

Tbtal Capital Investment
•in.:lridustry,1 Dollars

Adsorption Total

14,600,000 92,800,000

6,440,000 253,900,000

2,800,000 20,000,000

342,900,000 •23,800,000 366,700,000

all plants in each category have production rates similar to
the representative plants.
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Category

Deink

Paperboard from
wastepaper

Non-integrated
tissue paper from
wastepaper without
deinking

T3_BLE 4-8

SUMMARY OF COSTS OF PCBs REMOVAL
FROM PAPER RECYCLING INDUSTRY

Tbtal
Annual Costs

($/kkg of product)

20.89

9.93

Present
Selling Price

($/kkg of product)

440 - 550 l

220 - 3302 \

Annual Cost as
percent of
Selling
Price

3.8 - 4.7

3.0 - 4.5

Total"
Annual Cost
in Industry
($/yr)

20,900,000

68,500,000

20.52 Not available3 Not available3 4,720,000!

Tbtal 94,120,000

'Personal connunication between C.V. Fang & Mr. Zamzag - Bergstron Paper Co.
2Personal connunication between C.V. Fong & Mrs. Pell - Montveil Paper Co.
3Not available at the present time. Potlatch Corp. will forward this infcniation in the future.
""Total annual cost is obtained from multiplying total annual production by annual unit cost.
5Assume 10% of the total U.S. tissue production is attributed to this category.
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5.0 MODEL OF PCBS INVOLVEMENT IN THE PULP AND PAPER. INDUSTRY

5.1 Purpose and Objectives of Model Develbgitient

Although it is generally agreed that the major input of PCBs into the

paper industry has been through, recycling of NCR carbonless copy paper (and this

view is strongly supported by evidence presented previously in this report),

there are a number of questions concerning PCBs in this industry which have not

been answered:

d) How long will PCBs from NCR paper continue to cause

significant product levels of PCBs?

(2) How long will paper mill effluents continue to exhibit
**

PCB levels of significance?

(3) What are the chances for "hot spots" of PCB levels in

products and effluents due to locally high concentrations

of NCR paper in recycled fiber?

C4) Are PCB levels in intake water significant at present in .

comparison to levels from NCR paper, with regard to

product and effluent levels?

The purpose of developing and exercising a model of PCBs involvement

in the paper industry was to obtain the best available answers to the above

questions. By necessity, the model takes a simplistic material balance form;
the major limitation of the utility and accuracy of the results obtained arises

from the almost complete lack of data on process stream PCB levels and the extremely

1 i mi ted set of data concerning effluent and product concentrations of PCBs.

Bswever, the model does appear to be consistent with available information and
does predict the PCB concentrations in various paper products and in the effluent

water from paper processing plants in terms of the amount of input PCB accepted

with the raw material and contained in the intake waters.

The effluent prediction is based on a constant distribution factor be-
tween the product and the effluent. Data available on sludge, effluent and pro-
ducts place this distribution coefficient in the vicinity of 1:1000, effluent
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to product. The actual PCB concentration in the effluent entering the receiving

stream will reflect the treatment process at a given site.' With a more rigorous

approach to the distribution coefficient, one would be able to narrow the limits

of predictability considerably. We. have gimgd at the center of the array in order '
to maintain a tie to "average1* conditions.

At all times it is realized that the model is cnly a general one; no

attempt has been made to apply it to a particular mill. A simple mass balance

calcnlafinn with known PCB inputs, water flows and production outputs would be a
straightforward task for a given site.

The model does show that a mill which accepts NCR carbonless copy or
converter scrap, has poor suspended solids removal and has a high PCB level in

its intake water might be capable of producing a high PCB effluent as a local
"hot spot". Present values for recycled wastepaper indicate tiu5_likeli- _ "

hood to be continually decreasing. However, the expected frequency or severity
of hot spots cannot be fully addressed because of lack of data.

5,2 First Order Model of Paper Industry

5.2.1 Assumptions /"""N

The model is based upon the following assumptions:

11 The two primary sources of PCB to the paper industry
are:

a) NCR carbonless copy paper made between 1957 and
1971 and its associated converter scrap at 3.4%
PCBs by weight; and

b) 'The PĈ -load of the intake waters, taken to
average 0.1 ppb.

2) A secondary source is PCBs already existing in recycled
paper due to la and Ib above.

3) The routes of PCBs out of the paper industry are limited

to:

-56-



a) Product
b) Effluent
c) Sludge and other solid wastes" (or process loss)

d) Evaporation

4) Most of the PCBs in the paper industry remain associated

with the fiber, either as product or as sludge. This

appears to be due to the presence of PCBs in microspheres

used in the NCR paper plus the low solubility of PCBs in

aqueous solution and its preferential association with

surfaces and organic rich interfaces. In some cases PCBs

found in industrial effluents are almost quantitatively

associated with the suspended solids.

51 Evaporative losses of PCB will depend to a great deal on

the integrity of the capsular form. Industry experts have

been quite unanimous in their agreement that capsular

breakage would be small. The evaporative losses intimated

fay some of the mass balances attempted at the Institute of

Paper Chemistry are very small compared to the amounts of

PCB moving through the systems. As a result, we have

chosen to neglect evaporative losses in the treatment of

the model since any assessment would be fragmentary at best.

6) Contributions of PCB by inks or adhesives are negligible

and not considered to be large enough to affect even a
locate distribution. Based on the estimation presented

in Section 3.1, the upper bound of PCBs into paper products

other than the NCR paper appears to be on the order of

50,000 to 100,000 pounds, much less than one percent of

the total PCBs usage in the NCR paper during the same
time frame. Thus, non-NCR PCBs should be negligible with

regard to the model.
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7) Prior to 1957, when NCR carbonless copy paper was intro-
duced, the PCB content of paper products would have been
controlled by the PCBs carried with, the intake water. The
effluent would have been cleaned by the passage of PCBs
from the water to the fiber during the pulping and paper
making process. Tbtal transfer for a typical process would
have produced a paper with, a PCB concentration of 0.02 ppm.
Based on this consideration, and the realization that pre-
sent day detection limits for PCB in paper are in the
vicinity of 0.1 ppm, the model has been exercised neglecting
the intake water contribution.

8) The two routes for PCB return on NCR paper are:
A

a) As part of the recycling waste paper stream in
"mixed" or deinked grades of paper stock.

bl As converter scrap purchased by mills that use
it as furnish Craw material).

Other assumptions or specific decisions made in developing the
model will be indicated at the point where the information is used or the
equation described.

5.2.2 Model Structure

The first order model is an overview of the industry as a whole.
Mass balance considerations are utilized to develop a "one-box" representation.
Such a treatment avoids the complexity of the actual recycling web, and applies
the 'Hmif-afl data on PCB concentrations of waters, product and sludge to produce
a first look at the time rate of change of PCB levels in average product as a
result of the growth and eventual cessation of NCR carbonless copy paper in the
recycled waste stream. This admittedly simple approach serves as a foundation
upon which to further divide the industry, as well as providing a qualitative
validation of many of the accepted descriptions of PCB occurrence within the
industry.
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Figure 5-1 shows a schematic representation of the first order

paper industry model, where:

ECt) - evaporative losses of PCB. These losses are yet to be assessed on

an industry wide scale, but early indications are that they are

not dramatic. Any such losses would have the effect of lowering

product, effluent and sludge PCB concentrations, but would not

change the relationship between these.

V(t) - input of virgin wood pulp. Virgin wood has been found to be
relatively free of PCBs, but may pick up some Iran the water used

in the pulping stages.

W. Ct) - intake water. Census Bureau data for total water usage are relied
i" *

on. The typical intake water PCB concentration is taken to be 0.1
ppb. This value is probably an upper bound on a natural water
and nonetheless turns out to have only a small effect on PCB con-
centrations found in the paper industry.

SCt) - sludge output. This is the amount of process loss going to sludge.
It is inferred that sludge output is proportional to the production

rate and has the same concentration of PCBs as the product.

RCt) - amount of paper stock being recycled. The average lifetime of paper
Froducts is taken to be 1 year before recycling. Hence the concentra-
tion of PCBs in the paper stock is assumed to be that of the previous
year's product.

WQutCt) - effluent water. It is generally held that PCBs in the effluent are
strongly associated with the suspended solids. In the present case
the effluent can be considered what might typically remain after
primary treatment, removal of settleable solids and some suspended
solids. How much removal occurs in an actual mill will depend on
the type and amount of treatment available. It has been assumed
here that the effluent PCB concentration is proportional to the pro-
duct concentration. The constant of proportionality would depend
on the treatment system efficiency for solids removal. But in
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any case, the effluent concentration predicted by the model gives

an ixJea of the PCB which, might escape into the environment with-

out further consideration and treatment.

PCtl - annual production of the industry.

N(tl - PCBs introduced to the paper industry as a result of NCR carbon-

less copy converter scrap and recycled used sheets. While NCR

production figures for carbonless copy paper and its PCB content

are known, the amount recycled from office and other ocnmercial
institutions or from converting operations can only be guessed
at. Converter scrap varies between 10 and 15% (15% was the figure

used in an A.D. Little Paper Industry study) for printing and
writing grades.̂ 0' However, much of this scrap was recycled

in-plant, back into NCR carbonless forms - this amount could not be
estimated by personnel at Mead (the manufacturers for NCR). Shade

Information Systems, Inc., a converter of carbonless and a supplier
of post-consumer office waste, in testimony before the Department
of Natural Resources in Wisconsin, estimated that 10% of all office
waste is presently recycled, that of this recycled paper, 10% came
frcm old files and 90% from yearly usage, and that tiie average life-
time for files is three years.̂ 21^

According to Mr. Ed Nastar of the International Business Forms
Association, the major uses for carbonless paper are in invoices and
customer statements with tax forms using a lesser amount. If one
extends the Shade estimates to include commercial establishments like
stores with offices then one can use the same estimates for carbon-
less paper: 10% of each years production is eventually recovered with
90% of that recovered coming from the previous year and the other 10%

coming from old files with a three year half life. These estimates
are used in the model. (Tb show the sensitivity of the model to the
NCR recovery rate a 20% figure will be presented). Table 5-1 shows
NCR production from 1957-1971.
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Table 5rl
PCB Used in Cartnnless Copy- Paper

Year
1957
•1958
1959

I960

1961

1962

1963

1964

1965

1966

1367

1968

196a

1970
1971

19.72

1*73

1974

1975

PCB in NCR Paper Manufactured
CLO* Pounds): ' ' -

58,7
77.9

101.9

114.9

164.3

195.3

228.1

270.5

.348.9

424.6

435.5

580.1

627.8

661.1

126.6

0

0

0

0

O
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Since the amount of old NCR carbonless recycled into the in-

dustry can only be estimated and few measurements on other than recycled box-
board exist by which to validate the figures, the exact levels 'predicted by the

model should be regarded with caution. Nonetheless, the model does reflect the

trends and dynamics of PCB involvement in the industry.

The PCB mass balance equation for the First Order Model is

written:

RCt)CpCt-l)-rNCt)-rWinCt)CwiriCt) =

P Ct) Cp (t) -rS Ct) Cp Ct) -rW Ct) CW (t)

where:

CpCt) = PCBs concentration in product for year t.

Cw. = PCBs concentration in input water Ctaken to be 0.1 ppb)

Cw .Ct) = PCBs concentration in effluent = X CpCt) where X is a
constant dependent on the level of suspended solids.

In EPA data^ ' p" ' the suspended solids are shown to range from 500 ppm in
non-deinked paper mills to 1700 ppm in deinking effluents. Considering that the
best available technology is not uniformly used now or in the past, 1000 ppm is
assumed for a suspended solids load, and the model is exercised with X at UQQQ.

From John Strange Paper Co. data a X of ..QQQ was obtained while Ft. Howard informa-
tion indicated X at to

and: S(t) , the sludge output is taken to be proportional to P(t) . That is:

S (t) - £ (t) , where £ is the proportionality constant.

A value of 4.5% was chosen for £, based on previously reported data for
(22)process losses. .

Rewriting the previous equation,

RCt)CpCt-l) + NCt) + lO'̂ Ŵ Ct) = CpCt) [0.955 PCt) + ̂^

X
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O
As a simplistic first exercise - assume X = 0, i.e., all PCB is

retained by the product. Let the NCt) assume three cases:

A_, - 10% recovery

A— - 15% recovery C10% recycle -f 5% converter scrap)

A—,-. - 25% recovery C20% recycle + 5% converter scrap)

Figure 5-2 shows the PCB concentration in the product for these three different
recovery rates. The NCR production is also plotted as a reference to show the
roll-off of the curves.

Tj|pp<3 f a, fo*ly obvious is the direct and quantitative relation
between the NCR recovery and PCBs in the product. Product levels rapidly fall
below the 1 ppm level by 1973 or 1974, so that input water concentrations (W
appear to be completely dominated by the NCR contribution.

Further insight is gained if the data of A__ (15% recovery) are
plotted again with RCt) = zero; that is, if there was no recycling of product back
into the paper stock input. Figure 5-3 shows the result of this exercise. For the
overall industry under these conditions, 15% NCR recovery appears to be responsible--̂
for about 83% of the PCB in the product. However, if broken down further, specifiĉ
segments of the industry which utilize a large proportion of wastepaper in their
furnish would be expected to exhibit a larger dependence on the PCBs recycling to
the paper stock input.

The effect of process loss to sludge is easily demonstrated in a
rahnlar format. Table 5-2 shows the 15% NCR recovery data now allowing R(t) to
operate (i.e., recycling to paper stock) and X> values of 0 (plotted in Figure 5-2) ,
10~3, and 2 x 10~3. According to the data on Table 5-2, a X of 10~3 (ratio of
PCBs level in effluent to TSS level in effluent) decreases the PCBs levels in the
product by only about ten percent from, those at zero PCBs in the effluent (X = 0).
A further reduction of six to ten per cent in product PCB levels results from
application of X = 2 x 10~3. As further internal reuse schemes for white water
proliferate a continuing decrease would be expected in both suspended solids and
X. All peripheral factors point to a continuing association of the majority of
PCBs introduced into the system with the product.

-64-
o



20-

O

< 16.
K

U

S 10-

*——AH

_xr
For \=Q. All PCB in product output

/ i.̂ M ,A
-̂ i

PRODUCTION ^
.*

&

•600

.600

1957 1975

Figure 5-2. FIRST ORDER MODEL WITH DIFFERING RECOVERY RATE FOR RECYCLED PAPER



en

1957 1960 1965 1970 1975

Figure 5-3. AFFECT OF RECYCLING PAPER OTHER THAN NCR CARBONLESS PAPER ON PCB
CONTENT OF FIRST ORDER MODEL PRODUCTION

O o o



Table 5-2
PCB Concentration in Product

Year

1957
1958
1959
1960

1961
1962

1963

1964

1965

1966

1967

1968
1969.

197Q

1971
1972

1973

1974

1975

X=0

0.48

1.58

2.15

2,66

3.20

3.96

4.58̂ .

5.04

5.68

6.76

7.69
.8.08

9.18

10.20

8.03
2.83

0.86

0.45

0.33

X-10~3

0.43

1.41

1.93

2.39

2.88

3.58

4.15

4.59

5.28

6.21

7.04
7.42

8.46

9.40

7.40
2.61

0.80

0.42

0.30

X=2xlO"3

0.39

1.27

1.75

2.16

2.62

3.26

3.79

4.20

4.85

5.72

6.49
6.86

7.85

8.72

6.86

2.43

0.74

0.39

0.28
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This general overall look at PCBs demonstrated the following:

a) A 1970-71 peak in product PCB concentrations corresponding
to maximum PCB usage in NCR paper plus a one-year or less
delay in reaching maximum. PCB levels in the recycling stream.

bl With, the cessation of NCR production the drop off in pro-
duct PCB was rapid. Different specific industry segments
would show a different drop off rate (this is investi-
gated with, the second order model).

c) Using reasonable choices for the adjustable constants,
the major source of PCB is the NCR carbonless paper's
direct input to the industry. Further recycling of
paper contaminated by recycled NCR input has a relatively
small effect on the concentration observed in the paper
product.

d) It is difficult to assess the quantitative effects of
such, industry responses to the PCBs problem ,as elimina-
tion of deinking grades as furnish for food board. There
is no doubt that within a specific segment of the in-
dustry such activity was beneficial. In the overview
of the first order model, however, these effects cannot
be separated out. The model as developed exhibits an
overwhelming response to the NCR carbonless recovery
rate which would inundate any analysis of a finer internal,
structure.

5.3 Second Order Model of Paper Industry

5.3.1 Industry Categorization for Second Order Model

The obvious industry categorization useful to a more detailed
industry analysis is paperboard;- paper; and construction paper and board. The
latter segment includes portions which use 100% recycled paper stock (construction
. paper) and others which use little, if any, recycled paper stock Construction
board) and can be further subdivided on this basis. Figure 5-4 shows schematically

O
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the five categories selected and the flows of products returning to these industry
segments in recycled waste streams as well as other inputs, products, and dis- (]
charges. Figure 5-4 is thus essentially a schematic diagram of the second order
model. Annual prediction data from 1957 through. 1974 for each of the five
industry segments are presented on Table 5-3.

Segment I, paper/ has a product output approximately equal to
the sum of segments II, III, and IV. This should be remembered when one assesses
the total load of PCB associated with the production of a given segment. The
load will be PCB concentration times the output.

Segment U, combination boxboard and chipboard, is based on a
raw material which is 100% recycled. Historical PCB data (back to 1971) exists
for combination boxboard. Almost all of the deinked paper stock (ledger grades)
went into box production prior to 1971; also, most of the mixed grades and pulp
substitutes went into box production. As a result, most NCR paper entering the
general area of paperboard would probably wind up associated witn combination
boxboard and chipboard. Chipboard is included since sufficient data were avail-

/oo\ — - . _ _ -
able on this category,v ; but chipboard is less than 10% of this segment's
total output.

Segment HI contains those items which are primarily made frcm
virgin vrood or recycled product from Segment in.

Segment V, construction board, uses all virgin wood and is not
recycled.

Segment IV is a composite segment, the components of which have
the following characteristics:

a) All use a high percentage of mixed waste which could
contain NCR sheets.

b) Many products are used in building applications which
precludes their entry into the recycled waste stream.

c) The tube, can and drum corponent is not likely to be
recycled, though, it has an open usage different than
the building materials.

O
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Table 5-3
Annual Production for Industry Segments QLQ6 tonsi

Year

1957
1958

1959

1960

1961

19fi2

1963

1964

1965

1966

1967

1968

1969

1970

1971

19.72

1973

1974

I
Paper

13.6

' 13.5

15.0

15.4

15.7

16.5

17.3

18.2

19,2

20.7

20.9

22.4

23.6

23.6

23.8

25.4

26.5

26.9

II
Combination
Boxboard

&
Chipboard

3.9
4.0

4.2

4.2

4.3

,'4.3

4.4

4.5

4.7

5.0

4.1

4.4

4.3

4.1

3.8

3.9

4.0

3.5

ni
Containerfooard

8.9

8.8

9.8

10.3

10.9

11.6

12.2

13.4

14.4

15.9

16.5

18.4

20.0

19.7

20.3

22.4

23.3

22.2

IV
Construction
Papers and
Others

2.7
2.8

3.1

2.8

3.0

3.1

3.2

3.4

3.5

3.3

3.1

3.5

3.5

3.5

4.0

4.3

4.3

4.2
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5.3.2 Equations

The- r̂ m̂e definitions of mathematical terms hold for the second
order model as for the first order model (see Sec. 5.2.2} , applied on a segment-
by-segment basis. In addition, the second order model uses superscripts to
denote association, with, a particular industry segment. Other symbols used are:

C^ (t) = PCB concentration of virgin wood in industry segment 1.
c
e Ct) = PCB concentration in aqueous solution of effluent. from segment 1.

The following are based on our assumptions:

Cv
aj Ct) = CV

C2) CM = Cv
(3) Ct) = CV

C4) Ct) = CV
C5) (t) = 0

Ea) Ctl = EC21 Ctl =» EC3) Ct) « EC4) Ct) = EC5) (t) = 0

and,

r-
S*3Ut -^--i-- vu, ^ -̂

where X's are constants.

C ^ ' (t\ = X C '̂' ft}Cwout Ltl A5 C w

Since newsprint contains little if any PCB,

NC3)(t) SQ

N(5) (t) s 0

Prior to 1957,

C_ai Ctl » C.̂ 1 Ct) = Cn
C3) Ct) = C C4) Ct) = CL^1 Ct) = 0

P P P P P

After 1957 one has these 5 unknowns, and the following 5 equations:

O
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QLL

(t) + S (t) + X ( t ) C (t)

C21 NC21 (t) + [o.!5RC2i (t)C C21 Ct-D+0.20RC21

Cfr-ll+0.25RG) Ct) COl]

ct)

(Ihis holds until 1971 at which time the paperfaoard segment greatly decreased their

usage of recycled paper. Thus, the coefficient of 0.20 for the paper portion of

the paper stock input is taken to be zero for years after 1971.)

(31 RC3)Ct)C^Ct-l) = p C 3 ) C t ) + S ^ ( t ) + X W ^ ( t ) C ( 3 ) ( t )p

C41 NC4) Ct) + [o.35RC4) Ct)C (1) (t-l)+0.40R(4) (t)C _(3) (t-l)+0.25R(4) (t) (0)J

= [pC4) ct)-i-sC4) Ct)+X4wQUt
C4) (t)] cp

(4) (t)

C5I o = [ PG) ct)+s(5) Ct)+X5wout
(5) Ct) ] cp

(5) Ct)
f

Notes : " ~

(a) From equation (5) C C5) Ct) = 0 for an (t) .

(b) From equation (3). C (3) (t) = 0 for all (t) .

Cc) All X's are fron .001 to .002. This allows us to ignore X terms since they
are so much smaller than the P(t) and S(t) tenns.

-73-



Substitution yields;

From equation CD

Na) Ct)0.70C ai Ct-l)R(1) Ct) =[pa) Ct)+Sa) Ct)l C (1) Ct)p L Jp L J p

From equation (2)

NC2) Ctl+[o.20Cp
(1) Ct-l)+0.15Cp

C2) Ct-lj] R(2) Ct) =[pC2) (t)+S(2) (t)] C (2) (t)

(The 0.20 constant drops to 0 after 1971 as noted above)

Frcm equation (4)

NC4)(t)+0.35R(4)(t)Cp
C1)(t-l) = [p(4)Ct)+SC4)(t)]cp

(4)(t)

Equations (3) and C5) are negligible, based on Notes (a) and (b) above.

5.3.3 Quantitation and Exercise of the 2nd Order Model .

McLenahan's study of 1969-1970 paper stock usage was used as the
basis for quantitating the model. * ' This extensive study accounted for over 90%
of the wastepaper stock usage. It also tabul at-pd the paper stock by type and
associated that with its end use. A number of other studies have since been based
on these figures; utilization of these data thus keeps the model on a somewhat
parallel footing for comparison with the other studies.

The second order model is a good deal more complex than its
'predecessor in Section 5.2. To explore the effects of recycling on specific
segments of the industry it was necessary to subdivide the industry into identifi-
able sectors. This necessitated developing a reasonable set of criteria for
routing the recycled paper between these sectors.

O
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The following additional assumptions were made;

1) Paper products produced one year are considered to be recycled the next.

2) The paper stock percentages of various inputs were taken to be constant

over the period 1957 to 1974, except in the combination boxboard and chip-

board category after 1970. In this category, industry reaction to PCB in

food packaging and the eventual FDA 10 ppm limit is reflected.

3) Each segment's percentage of the overall paper stock usage is constant

frcm 1957 to 1974 using the 1969 percentage. The model is quite in-

sensitive to changes in -this parameter.

41 Recycled newsprint is considered to be PCB free. Newsprint is produced

primarily from virgin fiber, and the only paper stock used in newsprint

is other newsprint. Consequently, no PCB from NCR paper should be intro-

duced into this segment. Measurements by Hazleton Laboratories in 1972
/Q\

confirm lew background values of PCBs in newsprint.x;

Since newsprint is only a small percentage of paper output it was not set

aside as a separate category. However, newsprint is a sizeable fraction

of the recycled waste stream and here it was accounted for separately.

5) Containerboard uses very little paper, stock, and what it does use is old

containers or container clippings. (This excludes gypsumboard, chipboard,

and recycled tube, can and drum segments). we therefore approximated

paper stock in this subcategory to be 100% container. This implies that

oontainerboard will be PCB free.

6) As before, process loss to sludge was assumed to have the same PCB con-

centration as the product. The process loss estimates are those previously

published for 1970. <22>

7) Bureau of Census data was used to obtain values for total paper stock
recycled.

8) The model is very sensitive to the total amount of NCR carbonless copy paper

recycled into the industry, and to its distribution within the industry. Un-
certainties in these affect the details of the model, but not the general
trends.
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9) Virgin wood contains negligible PCB.

10) PCB concentration of input waters is taken to be 0.1 ppb.

111 Evaporative losses are not considered for the reasons given for the first
order model exercise in Section 5.2.

12) The "mixed" category of waste paper includes #1 and #2 mixed, super mixed,
boxboard clippings and mill wrappers. The amounts of each going into "mixed"

(20 23)in 1969 was investigated by other workers. ' Paper stock dealers inter-
viewed indicated that "mixed" paper was usually office waste with the follow-
ing approximate composition:

Chosen for
Range Ci) Model

Old Corrugated Cartons «" 0-15 10
Newsprint 10-25 20

* •-

High-Grade Printing & Writing 60-90 70

13) The loss of PCBs in solution in effluent waters is assumed to be negligible
caiipared to PCBs associated with the suspended solids.

The model is exercised for two distribution schemes for NCR paper as follows: ^-^

a) The NCR received in a given year is assumed to be 5% of the converter scrap
Iron that year's production and 10% of the post consumer wastepaper. Of the
post consumer waste 9/10 came' from the previous production year and 1/10 came
from years prior to that.

(A three year half-life with exponential decay is postulated for the post
consumer waste NCR paper which is recycled more than 1 year after being
produced. This assumption is significant only after 1971.)

All of the 5% NCR converter scrap is assumed to go into the paper segment
of the industry. The combination boxboard segment rejected it due to a
discoloration problem.

The recovered post consumer NCR was distributed according to the percentage
of printing and writing paper being recycled within each segment. 70% of

O
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the mixed category was taken to be printing and writing paper except
within boxboard paper stock where it is estimated that 50% of the mixed

was actually boxboard clippings. About 2/3 of the deinking category is
taken to be printing and writing paper. The final breakdown of NCR in

the paper stock for each segment thus becoties:

PAPER - 5% converter scrap
3% post consumer

GOMBINATTCN BOXBOARD AND CHIPBOARD - 3.5% post consumer

CCNSTHJCnCN PAPER - 3.5% post consumer

After 1970 the combination boxboard segment drastically reduced the use of

ledger grade papers and some pulp substitutes. This was industry's response
to eliminate NCR from inadvertently contaminating the foodboard grades. In
the model, the NCR entry figures for that segment are adjusted to reflect this
industry action. The NCR going into the paper segment may have increased its
percentage of NCR received as a result. Though this is not entirely clear, it
has been included in the second exercise of the model.

Figure 5-5 shows the response of the model. The rapid decrease in segment II

PCB levels after 1970 is evident. Concomitant reductions occur in segments I
and IV. While the latter two reflect the loss of the NCR carbonless copy
paper production, the former shows cessation of PCBs usage by NCR as well as
arM-i-Ho-ial reduction caused by the industry action.

A second exercise of the model, shown on Figure 5-6, is made on the assumption
that 10% of the returning NCR is sent to the paper and boxboard segments
based on the use of deinking stock. The paper segment has not used mixed
grades and boxboard officials state that their product has not used mixed grades,

(20 23)although several references indicate sore usage. ' The second exercise is

performed with the assumption that -the boxboard segment (II) does not use mixed

grades, other than boxboard clippings.

10% recovery of wastepaper is calculated at 9% the year after production, and

1% thereafter based on the 3 year half-life described earlier.
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The post-1970 reduction of NCR into the. combination boxboard segment is
included. The reduction in ledger grade usage by boxboard is assumed to
have been by half in 1971 and complete stoppage thereafter. If the ledger
stream might have diverted to the paper segment upon its rejection by the
boxboard Csegment n), the effect this would have had on the paper PCB is
shown by a dotted plot from 1971 en in Figure 5-6.

Overall, we see the same general trends in both exercises
(Figures 5-5 and 5-6). The routing chosen for the returning PCB in the NCR paper
effects the details of the product concentrations, as does the relative size of
the prorft-ict3.cn output within each segment.

In each scenario, the primary removal of PCB containing NCR from
production allowed a return of every segment to pre-1957 PCB levels in the products

tt

by 1174 or 1975. This trend is reflected in the rfcy-re-cog shown by available data
in Table 3-2. The decreases documented are of the same general magnitude as produced
by the model. Data en "recycled wastepaper input"(6) has reflected a drop to 0.15
ppm in 1976, which is near the detection limit of the analysis for PCB in paper
products.

5.4 Discussion of Model Results O
The results obtained from exercising the model show clearly the over-

whelming dependence of PCB levels in both product and effluents upon the NCR paper
content of recycled fiJber. According to these results, product levels of PCBs
resulting from the NCR paper should be less than one ppm by the present time (1976)
with the possible exception of the combination boxboard and boxboard segment, and
of course, excepting localized hot spots caused by inclusion of small amounts of
NCR paper in the fiber recovery stream. This result agrees with recent analytical
results on PCB levels in paper industry products. Product levels, effluent levels,
and frequency and severity of hot spots should continue to decline slowly as the
PCBs in paper products are diluted further with virgin and less contaminated
secondary fiber.

The ratio of PCBs concentration to TSS in the effluents had little effect
on product levels, as would be expected. Values of this ratio in the range of

-80-
O



0.001 to 0.002 appear to be consistent with available data on both effluents and

products. This result indicates that most of the PCBs entering the process exit

in the product and thus generally agrees with the analysis of Section 3.

The overall agreement of the results obtained with the model tend to

support the various assuoptions made. Agreement is reflected by comparison with

available data en both product and effluent PCB levels. Thus, the model as pre-

sented does appear to represent a reasonable and consistent material balance for

PCBs around the paper industry.

A distribution for inocming PCBs between product, effluent, and waste

treatment sludge can be calculated based on the results of the model. Using

the following values:

(1) PCBs level cn̂ product = 1 ppm of solids

(2) PCBs on solids in wastes = 2 ppm of solids

(3) 90 percent removal of solids and PCBs in wastewater treatment

(4) 135 ppm suspended solids in final effluent

(5) 0.27 ppb PCBs in final effluent

(6) Zero loss through vaporization

The results obtained are:

Plant Percentage of Incoming Weight of PCBs Level Solids
Stream PCBs Conr-a-m̂  Therein Stream* in Stream Content

Product 75-80 1 kkg 1 ppn 95-96%

Sludge 18-20 0.6 kkg 0.4 ppm 20-30%

Effluent 2-3 100 kkg 0.27 ppb 135

* Based on one kkg of product.

The results obtained indicate that on the order of 75 percent of the

PCBs entering a paper mill exit associated with the product. The values

selected probably represent more of a "best case" situation for a recycling

plant than a typical situation within the industry. The PCBs distribution should

vary fron plant to plant and from product to product, but should not be nearly so
widely variable as suspended solids or PCBs concentrations , which are known to
fluctuate widely from day to day in a given plant.
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6.0 CCNCLUSICNS
s~\

The following conclusions are based on the evidence presented in thi? \ J
report:

(1) The recycling of NCR rrntmnlftss copy paper was and still is the

only major source of PCBs into the paper industry.

(2) PCB levels in paper products have been decreasing since 1972 and

apparently will continue to decrease under tie inf Ivence of con-
tinued dilution of PCBs from recycled NCR paper.

(3) PCB levels in effluents frcm paper mills utilizing reclaimed
fiber have been decreasing in recent years , and will continue to
decrease, due to decreased PCB levels in reclaimed fiber plus
application of wastewater treatment technology.

(4) PCB levels in sludges resulting from wastewater treatment may
be as high, as 10 - 20 ppm. Disposal of such material should be
perfbdied with. care.

(5) Application of carbon adsorption as an end-of-pipe method for
PCBs removal frcra wastewater in the paper recycling industry
could increase product prices as much as three to five percent.

(6) The proportions of PCBs present in intact microballoons in paper
products and in paper industry wastewaters are not known. General

indications are that more PCBs in the industry are encapsulated
than are "free" (released from microbal loons plus other sources) .

(7) The model generated to define PCBs involvement in the paper
industry represents a reasonable and consistent material >vai -rv*a

of PCBs input and output in this industry.

(8) According to the model, PCB levels in products and effluents are
sensitive only to the parameters associated with recycle of NCR

COpy pjy*1'* rCTH-ain-rrifj PCBs.
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(9) The product PCB levels obtained from exercise of the model agree
well with available data; the results indicate a steep drop-off
following cessation of PCBs usage by NCR and a continuing, but
less steep, decrease thereafter. Current product levels are in
the one ppm range (recycled fiber).

(10) Within the limitations and assumptions of the' model, on the order
of 75 percent of the PCBs entering the papermaking process exit
associated, with the products.
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ABSTRACT

Special techniques have been found necessary for isolating PCB's

from cellulose fiber-containing effluents and process streams and for

determining PCB's in effluents from paper mills using recycled fiber.

Sources of potential PCB loss from aqueous solutions are revealed and

means of avoiding these losses are proposed.

Significant amounts of PCB remained on cellulose fibers follow-

ing separatory funnel extraction of a fiber-water suspension with

hexane or methylene chloride-hexane. Reflux of the fibers with alco-

holic KOH was necessary to remove the remaining PCBs. PCB losses due

volatilization from aqueous solution occurred during analysis, but the
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were minimized by working in a cool environment and covering the sam-

ple with a layer of hexane. The presence of cellulose fibers in PCB-

containing effluents enhanced the effluents' stability during storage.

Chromium trioxide oxidation was found to be valuable in clean-

ing up extracts from paper mill effluents. Perchlorination is apt

to yield misleading results.

INTRODUCTION

Polychlorinated biphenyls (PCB's) are commonly determined in

industrial effluents by a method involving liquid-liquid Extraction,

Florisil cleanup, and electron capture gas chromatography, as pre-

scribed by the U.S. Environmental Protection Agency . The utility

of this and other methods was evaluated for use on paper mill ef-

fluents and process streams within the mill.

ISOLATION OF PCB's FROM FIBER-WATER SUSPENSIONS

Known amounts of Aroclor 12U2, 100 yg/1 •, were added to lit sus-

pensions of cellulose fibers in water. Incomplete recoveries vere

experienced when these suspensions were subjected to triple separa-

tory funnel extractions with petroleum ether, hexane, or 15$ methyl-

ene chloride in hexane. Following the separator/ funnel extraction,

the fibers were filtered from the sample and the residual PCB was

removed from the fibers by reflux in 2< alcoholic KOH, as is normal-
2

ly used for determining PCB's in paperboard. Removal of all resid-

ual PCB by the alcoholic KOH was demonstrated by dissolving the

fibers in 12% HiSOm diluting with water, and extracting with hexane.
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Data in Table 1 resulted from a study designed to determine

whether alcoholic KOH reflux of the fibers subsequent to separatory

funnel extraction was needed to remove PCB's from fiber-water sus-

pensions with low fiber contents. The results indicate that fibers,

even at low concentrations in the sample, retained some PCB's, and

that alcoholic KOH reflux was needed for complete PCB removal. How-

ever, in analysis of effluents containing less than O.OlJ suspended

hardwood fibers, the amount of PCB retained by the fibers was small

compared with other reported sources of error in PCB determinations

(e.g., 20% relative standard deviation for chromatograa quantita-

tion ). Somewhat smaller amounts of Aroclor 12U2 were retained by

softwood fibers.

Thus, it may be concluded that the EPA liquid-liquid extrac-

tion technique should be adequate for most effluents containing low

amounts of suspended solids and that it is inadequate for fiber-

water suspensions within the 'mill. Because of their high suspended

TABLE 1

Recovery of Aroclor 12l»2 from Hardwood Fiber Suspensions

T Content,
*

0.005
0.01
0.05
0.10
0.16
O.UO
0.60
0.80

Recovery by
Extraction, %

97-0
96.1.
91.8
91.8
8U.2
80.2
80.0
80. U

Recovery from
Fibers, *

0.9
2.1*
8.1*

10.8
9.0

15-8
15-5
15,6

Total
Recovery,

97.9
98.8

100.2
102.6

93-2
96.0
95-5
96.0
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solids contents, the fiber-water suspensions require a separate

alcoholic KOH reflux to remove all of the PCB's from the fibers.

MINIMIZING PCS LOSSES DUE TO VOLATILIZATION

Low recoveries (60-80*) of known amounts of Aroclor 12li2 added

to aqueous samples were experienced in the summer. Volatilization
k

of PCB's from aqueous solution, as described by Mackay and Wolkoff

and Paris, et_ aa. , during analysis of the samples seemed to be a

possible explanation for the low values. Trapping of the Aroclor

12U2 from the gas phase, as shown by the data in Table 2, demon-

strated that volatilization could occur from aqueous solutions and

fiber-water suspensions. A stream of nitrogen entered through a

stopper in the top of a suction flask, impinged upon (but did not

bubble through) the sample, and exited via the side arm of the

flask into a trap containing deactivated Florisil.

TABLE 2

Volatilization and Trapping of Aroclor 12U2

Start, Remaining, Trapped,
Sample ug Ug Ug

Aqueous solution 10 k.Q 3.9

Softwood suspension 10 5-8 2.9

Conditions: One hundred ml solution or 0.5/f fiber-water
suspension in 125-ml suction flask. NI flow:
600 ml/min across surface for 2 hours at 23°C.
Trap: 0.3 g deactivated Florisil in 5 mm
glass tube.
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Losses of Aroclor 12U2 from fiber-water suspensions in stirred

beakers under simulated simmer and winter laboratory conditions are

shown in Table 3. A comparison of total recoveries from the open,

cool (Condition B) and open, warm (Condition D) samples suggests

that Aroclor 12U2 was lost by volatilization during 5 minutes stir-

ring under summer conditions but not under winter conditions. It

may be speculated that PCB loss from the closed, warm beaker (Con-

dition C) occurred because the aluminum foil cover formed an imper-

fect seal or that some PCB escaped into the air space between the

foil and the solution.

These studies have provided the basis for the recommendations

listed below for minimizing PCB volatilization losses during sample

handling and analysis:

1. Minimize air space in sample container.
2. Keep glassware, hexane, distilled water, and sample below

23°C.

TABLE 3

Effect of Temperature and Exposure on PCB Spike Recovery

Conditions

Closed, cool (A)

Open, cool (B)

Closed, warm (C)

Open, warm (D)

Recovery by
Extraction, %

88.U

87.0

76.9

73. U

Recovery from
Fibers, %

11.0

13. U

15-2

12.2

Total
Recovery

99-1*

100.1*

92.1

85-6

^One percent hardwood suspension, 57.1 Ug/1* Aroclor 121*2, 5
minutes stirring with magnetic stirrer. Warm = 30-32°C.
Cool = 22-23°C.
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3. Pour hexane into separately funnel before introducing
sample.

k. Maintain layer of hexane on top of aqueous phase.
5- Filter fibers as soon as possible.
6. Avoid pulling air through fibers during filtration.
7. Cook fibers in alcoholic KOH promptly.

Steps 1 through 1* should be of value in isolating PCB's from

any aqueous sample. The layer of hexane seals the air-water inter-

face from which volatilization can occur. Steps 5 through 7 are

critical if the sample contains suspended fibers from which PCB

must be extracted separately. Over half of the Aroclor 12U2 has

been lost from fibers when they were permitted to air dry before

being placed in alcoholic KOH.

SAMPLE STABILITY DURING STORAGE

The need for special extraction procedures to remove PCB's from

cellulose fibers suggests that the PCB's are sorbed onto the fibers.

Table 2 shows less Aroclor 12U2 volatilization from the softwood

suspension than from the aqueous solution without fibers. Perhaps

sorption of the PCB onto the fibers protected the PCB against

volatilization. Sorption would also explain the improved stability

of Aroclor 12U2 during storage of fiber-water suspensions, compared

with aqueous solutions, demonstrated in Figure 1. In that study,

the spiking level was 86 ug/1. Aroclor 12U2 in river water, and the

suspensions contained Ij softwood fibers. Samples wera stored in

daylight at ambient temperature. Half of the samples contained

formaldehyde at 15 ml/1. In a separate investigation, no stability



DETERMINATION OF POLYCHLORINATED BIPHENYLS 863

100

,t
p
A
"

A

A

A

A
A

.

c
UJ

JS 60
u
UJ
e
UJ

8J 40
<D
O
0.

20

* - - .•
<^~~ g

^

-

& Softwood suspension,
A Softwood suspension,
O Water, no additive
• Water, formaldehyde

l i i i i l l l t

•

O

no additive
formaldehyde

- 1
0 2 4 6 8 10 '

STORAGE TIME, days '»"-'•

FIG. 1 -• '

Stability During Storage of Water and Fiber Suspensions Containing
Aroclor 121.2.

differences were observed between Aroclor 12l»2 solutions stored for

10 days in daylight vs. in the dark.

This study did not confirm the finding of Bellar and Lichten-

berg that formaldehyde was an effective preservative for PCB's.

However, an indirect benefit from adding formaldehyde to industrial

effluents and fiber suspensions has been experienced: Formaldehyde
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inhibits decomposition of non-PCB organics which degrade to liber-

ate sulfur, a common interference on PCB gas chromatograms.

REMOVAL OF INTERFERING PEAKS FROM CHROMATOGRAMS

Perchlorination

Extracts from paper mill effluents should always be cleaned up

on a Florisil column prior to gas chromatography. However, it does

not remove all interferences. It was hoped, therefore, that the

PCB's in paper mill effluents could be perchlorinated to decachloro-

biphenyl (DCB), whose long retention time would move it well away

from interfering peaks.

The perchlorination procedure used was essentially the method

of Huckins, et_ al.. , modified in order to promote complete perchlori-

nation with minimized volatilization loss of Aroclor 12U2. The prin-

cipal modification consisted of concentrating the extract containing

the suspected PCB at room temperature in a culture tube by directing

a stream of nitrogen at the top of the tube.

Perchlorination was attempted on authentic effluents from recy-

cling mills as well as on distilled water containing Aroclor 121*2

plus other suspected high-boiling components of recycled carbonless

copy paper (alkyl biphenyls and alkyl napthalenes). Reaction

mixtures consistently charred, and low DCB yields were obtained on

these spiked samples. Aroclor 12U2 is thought to occur in paper

mill effluents because of the recycling of carbonless copy paper

made prior to mid-1971. If pre-1971 carbonless copy paper (with
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PCB's) is present in a mill's raw material, newer carbonless paper

(with alkyl biphenyls, alkyl naphthalenes, or other high-boilers,

but not PCB's) is probably also present. Consequently, a mill

effluent containing PCB's would quite likely also contain the alkyl

biphenyls, alkyl naphthalenes, or other high-boiling compounds.

Because these non-PCB components of modern carbonless copy paper

reduce the DCB yield, perchlorination of paper mill effluents is

apt to give incorrect estimates of the effluents' PCB contents.

Alkyl biphenyls and naphthalenes were also subjected to

perchlorination in the absence of PCB. Reaction products were

analyzed by FID gas chromatography using temperature programming

to improve peak resolution. All samples yielded a peak with the

same retention time as DCB. Thus, effluent analysis using perchlori-

nation might incorrectly identify these originally nonchlorinated

compounds as PCB's. Consequently, perchlorination is not_ recommend-

ed for determining or confirming PCB's in paper mill effluents.

Mercury and Chromium Trioxide

Interferences due to sulfur may be removed with mercury or, as
Q

an alternative, chromium trioxide oxidation followed by a second

Florisil cleanup, as ŝ 'wn in Fig. 2. Recoveries of Aroclor 12U2

spikes carried through the chromium trioxide treatment have been

approximately 90%. Gentle concentration of the sample extract in

the presence of acetic acid is required to prevent loss of the more

volatile Aroclor 121*2 constituents.
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Alkyl naphthalenes, a possible component of newer carbonless

copy paper, were removed by the chromium trioxide oxidation, but

alkyl biphenyls were not affected. Figure 3 shows the result of

using the chromium trioxide oxidation on an extract whose original

chromatogram contained large unidentified interferences.
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